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MECHANICAL CHIP MIXERS 
R. E. WAGONHALS 
The Timken Roller Bearing Co. 


Use of chip mixers similar to those 
shown in the cover picture add drama 
to the demonstration of any statistical 
principles which are explained by the 
use of numbered chips. The continuous 
mixing of chips attracts and holds the 
attention of large audiences and speeds 
up any chip demonstration by mixing 
the chips rapidly and thoroughly. Tests 
show that random samples are obtained 
when samples are taken, read, returned 
to the mixer and another sample taken 
immediately. 

A mixer is constructed by mounting a 
78 R.P.M. phonograph motor (shoft 
ground down to get a turn table speed 
of 48 R.P.M.) on a wooden base at a 
53%. degree angle with the horizontal. 
The drum is 9” dia. by 41/2” high with 
a,” lip to prevent the chips from fall- 
ing out during the mixing. To reduce 
the noise of the chips against the metal 
drum, it is lined with velvet cloth. A 
140 degree included angle cone is 
placed on the face of the turn table 
and covered with velvet to insure a 
thorough, rapid mix. This mixer is de- 
signed to mix 200 - %” dia. by 3/32” 
thick chips, but quantities from 50 to 
300 can be mixed without affecting the 
randomness too greatly. 

Effective demonstrations with these 
mixers are: 

(1) Showing the necessity of using an 
adequate amount of data for F 
and t tests by taking one sample 
of 5 from each distribution, calcu- 
lating F and t and then accumu- 
ating more data by taking addi- 
tional samples of 5 from each dis- 
tribution. The distributions we 
have used generally show signifi- 
cance at the one percent level af- 
ter data from twenty chips are 
calculated. It is very seldom that 
significance at the 5% level is 
found between the two distribu 
tions based upon data from the 
first five chips from each 
Showing how control charts oper 
ate in control when chips are 
drawn from the mixer and X and 
R or X and o charts are con 
structed. A dramatic demonstra 
tion can be made by showing how 
the charts operate in control with 
the regular distribution and then 
adding a few out of tolerance 


(2 


chips to see how many samples 
have to be drawn before the 
charts show out of control. In this 
demonstration it usually takes only 
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External comparator with rattge 
of 0-4”. Simplified setting. One 








ELECTRONIC master only. Reversible anvil. 
Self-checking. Shock-protected, 
MEASURING Diamond gaging point. 
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Internal comparator  attach- 
ment for use with external 
Vhis equipment comparator and amplifier . . . 
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for taking external and internal measurements 
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Unique design . .. manual 
loading and disposal to 
fully automatic ...custom- 
engineered at Brown & 
Sharpe to meet individual 
requirements. Simplifica- 
tion of parts and functions 
makes machines more com- 
pact, more dependable. 
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: With any one of these modern quality control devices, 
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you can lay the foundation for an efficient, cost-cutting 






quality control program. Each device offers thoroughly- 


FORSCO proven features that broaden the advantages of quality 
GAGE ; = 
control. All reflect the high precision standards associated 
BLOCKS 


with the Brown & Sharpe name. For complete details, 
write Brown & Sharpe Mfg. Co., Providence 1, 
. world famous R. I., U. S. A, 
both for their extreme 
accuracy and for their fast- 
growing importance to manufacturing of inter- 
changeable parts. These precision aids to quality 
control are made by Brown & Sharpe; from single 
blocks to complete sets and useful accessories, 
Jo-Blocks have hundreds of cost-saving uses, 
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Practical Applications of New Theory 
A Review 






PART II-COUNTED DATA—GRAPHICAL METHODS 


FREDERICK MOSTELLER and JOHN W. TUKEY 


HARVARD UNIVERSITY 


We shall not repeat the introduction to this series given in 
Part 1,* except to remind the reader that we are presenting 
new methods, some of which have not been tried in indus- 
trial work. In the present article we take up methods of 
treating counted data and graphical methods. Among these 
are the use of transformations, sensitivity testing, special 
graph papers, methods of measuring association between two 
characteristics, and testing changes in percentages in the 
matched case. 


COUNTED DATA 


Recent developments in handling counts, as opposed to 
measurements, have concentrated on transformations and 
related graphical procedures. These allow effective tests 
without detailed tables. The classical transformations are 
the angular transformation for binomial data, introduced 25 
years ago by R. A. Fisher, and the square-root transforma- 
tion for Poisson data, introduced 13 years ago by M. S. 
Bartlett, which is the limiting case of the angular transfor- 
mation for p small. 


In the Poisson case, the original adjustments introduced by 
Bartlett [The square-root transformation in the analysis of 
variance, Suppl. J. Roy. Stat. Soc. 3 (1936) 68-78] have been 
compared with others by F. J. Anscombe [The transforma 
tion of Poisson, binomial and negative-binomial data,” Bio 
metrika 35 (1948) 246-254] and M. F. Freeman and J. W 
Tukey [Transformations related to the angular and the 
square-root,” Memorandum Report 24, SRG Princeton Univer- 
sity, submitted to the Annals of Math. Statistics]. If the pur 
pose of the transformation is to make the variance nearly 
independent of the mean, then 


\/number 


has unit variance (and hence unit standard deviation) within 
6% for means of unity or more. For making significance tests, 
treat the following as normally distributed with unit variance 
{and hence unit standard deviation): 





\/one -- number 


Is observed high? 
2[\/observed — \/expected] 
Is observed low? 





2[\/expected — \/one + observed] 


These will give very good results from expectations of 4 up 
wards. 


* 1OC, September 1949, pp. 5-8 
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There is an entirely similar set of transformations in the 
binomial case. (For variance stabilization see Freeman and 
Tukey's paper cited above.) For comparing an observed and 
an expected proportion, treat the following as normally dis 
tributed with unit variance (and hence unit standard deviation) 


Is observed number of defectives high? 





2[\/ (1 —p)- (defect.) — \/pl(one + nondefect.)] 
Is observed number of defectives low? 


2[\/p(nondefect.) — \/(1—p)-(one + defect.)] 


where p is the expected fraction defective 
All of these tests may be made simply and graphically wit 

special graph paper (‘Binomial probability paper’ available 
from the Codex Book Company, Norwood, Mass., No. 31,298 
on thin paper, No. 32,298 on thick paper) which is based on 
a suggestion of R. A. Fisher and K. Mather [The inheritance 
of style length in Lythrum Salicaria,” Annals of Eugenics 12 
(1943) 1-23]. The application of this principle to control 
charts for population defective when the lot size is variable 
has already been discussed in this journal by Acheson J 
Duncan ['‘Detection of non-random variation when size of 
sample varies,’ Industrial Quality Control 4 (1947-8) 9-12]. A 
large variety of uses has been discussed by Frederick Mos 
teller and John W. Tukey [The uses and usefulness of bi 
nomial probability paper,’ Jour. Am. Stat. Ass'n. 44 (1949) 
174-212] 


RANKING METHODS FOR STUDYING ASSOCIATION 


The classical way to use the ranks of a sample where the 
objects are ordered according to two characteristics to seek 
evidence of association was to calculate the rank correla 
tion (due to Spearman; sometimes called R, which we will 
use, and sometimes called by the Greek letter rho). The 
method and formula is given in most statistics textbooks, for 
example G. W. Snedecor [Statistical Methods, Collegiate 
Press, Ames, lowa, 1946, a good reference work but most of 
the problems and examples treated there are biological and 
agricultural] Maurice G. Kendall proposed [A new measure 
of rank correlation,’ Biometrika 30 (1938-9) 81-93] the meas 
ure tay 


(pairs in same order) — (pairs in opposite order) 





number of possible pairs 















if m is the number of objects the number of pairs is 
« n(nm—1)/ 2. 


For example if we have 10 objects and no ties, the arrange 
ment for the two characteristics x and y might be 

x, 123456 

y;) 326541 
We can always arrange one of the variables in ascending 
order, but this is not necessary, nor is ranking necessory 
Pairs of y in the some order os x are 36, 35, 34, 26, 25, 24; in 
the opposite order 32, 3], 21, 65, 64, 61, 54, 51, 41. Note 


that K is 15 (6)(5)/2, so tau is 

6 9 

— 0.2. 

15 
There is some evidence of negative association between x 
and y 


Kendall conjectured that the correlation between R and 
tau, in random sampling from a population with no associa 
tion, was very close, that the correlation coefficient failed to 
reach the value -+-1, corresponding to perfect agreement, by 
less than '/,n. H. E. Daniels [ The relation between measures 
of correlation in the universe of sample permutations, Bio 
metrika 33 (1943-6) 129-135] has shown that this is the case 
Thus it will almost always be reasonable to use whichever co 
efficient is more easily calculated. This is often tau, for rea 
sons explained by Kendal! [Biometrika 33 (1943-6) 250] 


example R 0.14 and for samples of size 6 we 
expect such close agreement because the correlation be 


tween R and tau is more than 0.96 


The usefulness of these measures of association in indus- 
trial work depends very much on the ease and effectiveness 
with which ties can be allowed for. Kendall [The treatment 
of ties in ranking problems, Biometrika 33 (1943-6) 239-251] 
has reexamined this problem and concludes that, for the 
situations most common in industrial practice, where the ties 
are due to limited accuracy of judgment, measurement, and 
recording, no adjustment need be made to tau, while R 
should be adjusted by the method indicated by Woodbury 
[Rank correlation when there are equal variates,’ Annals of 
Math. Stat. 11 (1940) 358-362] who gives tables. (When com- 
paring judges, etc., a different adjustment, first used by Stu- 
dent in 1921, should be made.) This is an additional reason 
for using tau 


A CORNER TEST FOR ASSOCIATION 


A quick test of association between two variables for those 
who like graphs and little computation has been provided by 
P. 5. Olmstead and J. W. Tukey [A corner test for associa- 
tion, Annals of Math. Stat. 18 (1947) 495-513]. One makes a 
scatter diagram and draws a horizontal line through (be 
tween) the middle y value (s) and a vertical line through the 
middle x value. Think of the four quadrants or corners thus 


formed as being labelled +-, _+r, , in order, so that the 
upper right and lower left quadrants are positive. Beginning 
at the right hand side of the diagram, count in [in order of 


abscissae) along the observations until forced to cross the 
horizontal median. Write down the number of observations 
met before this crossing, attaching the sign + if they lay 
n the + quadrant, and the sign if they lay in the 

quadrant. Repeat this process moving up from below, mov 
ng to the right from the left, and moving down from above 
The quadrant sum is the algebraic sum of the four terms thus 


£ 


written down. The and | 


sianificance levels ore aiver 


by quadrant sums of at least 1] and 14 respectively. This 
technique is quicker to use than to explain. The authors pro- 
vide a diagram which is almost self-explanatory. Devices 
for handling ties and other minor vexations are given. The 
method is extended for use on serial correlation and on more 
than two variables 


SENSITIVITY TESTING 
The class of techniques known as sensitivity testing in the 
explosives field and as quantal bioassay in pharmacology 
is already in use in testing laminated materials for strength 
and is being considered for fatigue testing. The essentials are 
a set of different severities, and counts of the number failing 
at each level 


For many purposes, particularly biological ones, it is rea- 
sonable to suppose that the probability of failure is related 
to severity just as the probability of a normally distributed 
quanity being less than x is related to x. The case where a 
fixed number of objects is tested at each of a preassigned set 
of levels can be analyzed graphically with the aid of normal 
probability paper, or more delicately by the methods ex- 
pounded in D. J. Finney’s book [Probit Analysis: A Statistical 
Treatment of the Sigmoid Response Curve, Cambridge Univer- 
sity Press, 1947]. 


When it is easy to change the severity of the test applied 
to individual objects in accordance with the results of pre- 
vious cases (dropping weights on explosives, or balls on 
safety glass are examples) then it is more efficient to use the 

up-and-down’ technique, where severity is decreased one 
notch after each success. W. J. Dixon and A. M. Mood ["A 
method for obtaining and analyzing sensitivity data,’ J. Am. 
Stat. Ass'n. 43 (1948) 109-126] have discussed the advantages 
of this method and the details of its analysis. More complex 
methods of the same sort have been studied by T. W. Ander- 
son, P. J. McCarthy, and J. W. Tukey [Staircase methods of 
sensitivity testing,’ NAVORD report 65-66, prepared by SRG 
Princeton University, March 21, 1946] and the effects of non- 
normality have been investigated by D. F. Votaw, Jr. [The 
effect of non-normality on ‘“Staircase’’ methods of sensitivity 
testing, Report prepared under Navy Contract Né60nr-270, 
Task | by SRG Princeton University, May 1, 1949] 


NEW GRAPH PAPERS FOR SENSITIVITY WORK 

Joseph Berkson has designed three new graph papers to 
aid in sensitivity work. All are available from the Codex Book 
Co., Norwood, Mass. Most of us are familiar with what is 
commonly calied arithmetic probability paper (a misnomer) 
This graph paper has a linear scale and a cumulative normal! 
scale. By plotting points of a distribution function on such 
paper we can get a good idea whether our curve is approxi- 
mately normal or not because normal cumulatives appear as 
straight lines on this paper. Berkson provides such a paper 
(31,451) on thin paper, 32,451 on heavy paper), but his has 
two advantages, the normal scaie is on the short side of the 
paper, and one can get back the normal deviate from an ad- 
ditional scale. Another such probability paper based on the 
cumulative logistic curve (31,450 on thin paper, 32,450 on 
heavy paper) relieves us from always using the normal and 
gives us another reasonable curve to try. The logistic often 
represents growth curves and sensitivity curves better than 
the normal. The third graph paper (31,452 on thin paper, 
32,452 on heavy) transforms from x to the inverse sine func- 
tion. Again, straight lines tell us whether this is a reasonable 
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transformation. The fourth graph paper has normal scales in 
both directions (32,453 on heavy paper) and may prove use- 
ful for such purposes as designing single sampling plans by 
interpolation among known cases, and in other cases where 
two probabilities depend on a choice (another case has been 
described by Serkson [J. Am. Stat. Ass'n. 42 (1947) 246]) 


McNEMAR’S PROCEDURE FOR 
CORRELATED PROPORTIONS 


In connection with testing the reliability of inspectors in 
classifying product as defective or non-defective, two ques- 
tions which arise are: (1) does the inspector change the sever- 
ity of his inspection? (2) how does the severity of one inspec 
tor compare with that of another? A test recently suggested 
by McNemar [Psychological: Statistics, John Wiley & Sons, 
1949, 77-82] for psychological work and extended by Bowker 
[J. Am. Stat. Ass'n. 43 (1948) 572-4] can be applied. 


Suppose we run the same lot of items through two different 
inspectors, recording in each case whether an item was classi- 
fied as defective or non-defective. Then we can draw up a 


2x2 table as follows 





























Inspector | 
Non-defective 1 Defective | Total _| 
Inspector] Non-defective 420 10 430 
iI Defective 30 40 70 
Total 450 50 500 | 
We are interested in knowing whether Inspector Il is the 


more severe (or alternatively Inspector | more lax) in his in 
spection process. We really want to compare 430 with 450 
and 70 with 50. However the problem is complicated by the 
correlation induced by the agreement between the observers 
It turns out that we should really compare the upper right 
and lower left hand corners of the 2x2 table for equality 
using the formlua for t 


one less than pos. differ. of disagreeing cells 
\/sum of disagreeing cells — > 


For our example 
t — 30-101 _ — 3.00 
\V/ 30-+-10 

Here t is a normal deviate, and we have confidence that the 
inspectors are working at different severities because of the 
3-sigma difference observed. The —] is a correction for con 
tinuity. It is important to notice that this problem is different 
from testing association in a 2x2 table and has been mis 
handled by many people who understand the latter 
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built into a product 


Elliott “Quality Displays” help to reinforce your 
program of selling the need for quality workman- 
ship to each individual employee. 


Colorful, attractive, these 17” x 22” displays are 
created every week! Budget-priced so they may 





be displayed in every department and changed 


It connot he 
inspected into it 


each week. 


Steel display frames are loaned on subscription. 


FREE “Quality Kit’’ to Society Members 


1. Six actual samples of full-size displays in 
color. 

2. Three “Quality” issues of Management Infor- 
mation (for supervisors and foremen). 

3. A copy of the new thirty-six page “Confer- 
ence Leader's Outline on Quality Control.” 


4. Complete descriptive folders and prices. 





Write ie your “Quality Kit” to: 
ELLIOTT SERVICE COMPANY, Est.1911, 30 N. MACQUESTEN PARKWAY, MT. VERNON, N. Y. 
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Quality Reports to Management: 


AUGUST B. MUNDEL 


CHIEF ENGINEER, QUALITY CONTROL AND INSPECTION DIVISION, 


INTRODUCTION 


When the title of this paper was orig- 
inally selected, the subject was confined 
to reports from the Quality Control and 
Inspection Division to top management 
After further consideration, it was de- 
cided that this was too narrow an in- 
terpretation of the title. All quality re- 
ports to foremen and plant managers 
are reports to management and in some 
respects may be more important than 
quality audits to management. 

The scope of this discussion has, 
therefore, been broadened and will in- 
clude 

(a) A discussion of the underlying 
principles and purposes of reports 

(b) Several examples of reports to 
operating management. 

(c) A discussion and example of a 
quality audit as typified by a Cus- 
tomer Quality Report. 

In some plants the emphasis in qual- 
ity control is to reduce costs and in- 
crease production. Our efforts are not 
opposed to these economies but our 
real goal is quality improvement, qual- 
ity maintenance and quality standardi- 
zation. Of course, good quality and 
high shrinkage cannot coexist and, 
therefore, we do watch shrinkage 
closely. Our plant produces aids for 
the hard of hearing. Our: method of 
doing busines domestically is to sell 
at retail through some 300 directly con- 
trolled outlets throughout the nation 
Any instrument proving unsatisfactory 
within one year of sale to the customer 
is replaceable for a factory rebuilt and 
reconditioned instrument of the same 
type at any office. Our greatest econ- 
omy is obtained when we reduce the 
number of these free exchanges in the 
field. Because of this our products must 
have uniform quality when they are pur- 
chased and must remain so during serv- 
ice. A large volume of our business 
is directly traceable to references fur- 
nished by satisfied users. The value of 
quality in increasing the number of such 
references is impossible to measure. Our 
efforts are therefore directed toward 
improving the uniformity and increasing 
the service life of hearing aids 
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TO: Mr. A. B. M. 

FROM: tr. R. L 

SUBJECT: Hew daterial Incpection Department - Weekly Progress Report 

(week ending December 70, 1947) 
GOPY Tus Messrs. LeCeic, EcWc, PeSe, JoDo, NoTeoy Sole 7 
QUANTITY PROCESS 

4-S-! Battery 5184 5184 2t 0 
(0 Lugs, plt. 34000 34000 2 0 
Oo“ Rivets, plt. 268 26823 2 0 
0” Rivets 26823 26823 2% 0 
6252 Women's battery support 900 900 2% 0 
62% Pins, plt. 15033 15033 2% 0 
6284 Pins 15033 15033 2% 0 
6286 Pins, pit. 21265 21265 2% 0 
6301-2 Diephragres 250 257 2 0 
6339 Spring contact 19997 19997 24 0 
6347 Screws 816% 71600 2k @) 

5 Sapphire needles, Vfr. A 63 0 2 75h 
6415 Sapohire neeiles, ¥fr. 8 10300 8327 2k u.%4 
6535 Voltneters 13 7 x 2¢ 23% 
6566-1 Condenser 2231 8231 1s 0 
6566-2 Condenser 39, 13940 1% ) 
6567 Tube sockets 3820 3350 x 2¢ 2.1% 


FIGURE | 


Since our concern is with quality per 
se the reports are not cost conscious 
In some other instance the emphasis 
might be on cost, quality, or man hours. 


PRINCIPLES OF 
QUALITY REPORTS 


1. It is important to know the interest 


of management when preparing a re- 
port. Emphasize the things that are im- 
portant for management to know—this 
is the first fundamental of quality con- 
trol reports. It would be unthinkable to 
post a control chart in a department 
which has no interest or connection with 
an item. Reports are similar; they must 
be of interest and concern to the execu- 
tive before they get action 


2. The second fundamental is to cir- 
culate the reports and data. Get the 


-RAW MATERIAL INSPECTION REPORT 


information to manufacturing before it 
has cooled off .A report prepared and 
held in a desk does not inform anyone. 


In addition, a report may be less in- 
fluential if it is produced at someone's 
request than if regularly prepared and 
issued. To illustrate, let me tell you an 
experience which occurred during one 
of our regular meetings with top man- 
agement. Mr. S. remarked that several 
comments had been received from the 
sales staff that the sensitivity of a cer- 
tain instrument had deteriorated since 
the first production. | pointed out that 
the essential information to answer the 
complaint was in a regularly issued 
Customer Quality Report. When taken 
from Mr. S's file it proved that the initial 
quality was unchanged. The fact that 
the data were in Mr. S's file was a psy- 
chological advantage. 
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Week April 21-26 process avg terest engendered by their landing on 
ave. #groupe aod result of th k th ' ty t : 
é group | #groups| accepted | rejected | table | first e desk, . eee oo discover wl 
pert passed | sise | tested | lst j2nd | lst | 2nd | used | sample rors in data as well as in the operation, 
©7780 fect Lote and in the tacit agreement implied by 
#298 ~ #315 1899 106 1s 17} 1/0] 0 *s 0.5% their acceptance. Interested parties will 
©7900" frenanitters-| 1933 $5 35 wxialele * 0.8 point out errors in reports that concern 
ind. op. test work in their department 
"700" Battery A somewhat simi! ncident i- 
oanme 505 102 5 4 , 0 0 st 2.16 somewhat similar incident ts typi 
fied by the protest of a factory engi- 
"700 Oscillator th | lerc 
aan 925 5 slolelo * 0.08 neer that the dimensional tolerences 
could not be held on Item X. The con 
"700" receiver t ' 
fer s080 260 4 slieleole “6 ome rol charts which had been regu'arly 
maintained and ‘posted’ beside the 
"700" wired r 
mt 1902 ” “ wlatlele 4 0.08 machine in the department of “item X 
showed that control had existed for a 
. - 
700" freate 1522 361 4 en le ad is 1.18 period of several weeks. Once he had 
"700" backs 49 235 2 2}/o0];0]0 1s 0.0% been shown and convinced that the 
"700" battery tolerances had been held, he was able 
comp'ts.inoompl. 1452 309 6 5; o;1)]0 28 8.4% to regain control in a few hours 
"700" battery 
comp' ts. complete 1350 338 4 4 0 fs) 0 4s | 0.08 2. The third fundamental! in writing 
reports is to be concise, and to the 
"700" bat tery : 
ben eonune 2964 593 5 siololo 26 0.0% point. Time is too precious to waste in 
T —— long descriptions where specific state 
"700" cord hy by v Pe 
housing 2710 678 4 4 0 ) ) 24 | O.4h | ments, graphs or technica! terms cover 
= ss the situation more precisely. There are 





cases where the technical description is 
involved and only an engineer can un- 
derstand it. The alternative of spending 
several pages to explain the situation 
may appeal to some. It has been our 
feeling that above all else the report 
must be accurate. That means that ac 
curate technical language must be used 


FIGURE 2— CONTROL GROUP WEEKLY SUMMARY REPORT 


In addition, it shows that control is be 
ing exercised. 

Another value which accrues to circu 
lated reports—especially those that cir 
culate to operating personnel—is the in 


Having the data in the hands of the 
questioner, before the question is asked, 
is always more assuring to the investi- 
gator that the data were not collected 
merely to prove the point in question 























































































































TOs Mr. A. B. ¥. 700 DAI LY SHRINKAGE REPORT 
FROM: Mr. J. L. WEEK BEGINING APRIL 14, 1947 
FIRST RUN MONTH OF aPRIL 1947 
DAILY SHRINKAGE ACCULIILATED THIS MONTH 
——J Pn SR eee Sai ae 
Me Le te L Ee uo Le ae ee 
Pinal | tested | 257 | 250 382 32377_| ue7 | 3860 | {| | 
Test | shrkg, Led 361 25% | L_|l ss6l azs}sou Lazelexolizs) | | 
Batty. | Tested | 459 6 | 377 4317__| 4733 | sno | —_ 
Compt. | snrkge |_| 2M 16] 46) 27 [Wier] astzos| aslesol us | |] 
Batty.* | Tested 5 % 36 468 504 | | al 
covers | sure, | 261 01 o| | asm 2c] et) glee) | 
Batty. | Tested 9 3e7r__| 4286 | 4720 | | ] 
cords | shrig, | 12 | 3% 7" x | | 108{ 3¢|122] 36/136] 34) a | | | 
Batty o Tested - - — 3972 32 2 — * andl 
7 
a ee Oe eee [Mt asi asl ox 2s] os] zx) 1 | 
Oscl. | Tested | 271 9 375 1209 1308_ | 1683 | $4 
cords | oie | o lo lo | | to} 0 ofolsi zi J | J 
Air ~ L604, 5166 SLE ; 
| Tested | ' } 
ee Ry a (3 ~ 5 a oe Lt cel asl col asl col asi | | | 








a *ancunt Submitted 


cca Meesrs. Jele, ee G. Hy» G.K., A.J, P.S.,RoMo,EBoMe 
Processa 











FIGURE 3— DAILY SHRINKAGE REPORT 
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even if some explanation is to follow. 
Reports are written to assist the control 
of quality and are meant to assist the 
man on the job to correct or improve 
his procedure and not to point out that 
he is getting too much shrinkage or do- 
ing a bad job. The report must, there- 
fore, be precise enough to give the en- 
gineer on accurate quantitative review 
of the situation. 


4. Fundamental four is that reports 
must be factual, must not upset depart- 
ments, groups or individuals by need- 
less accusation of carelessness or mal- 
practice. The only result of such accu- 
sations is to create ill will. A statement 
of actual conditions without comment is 
much more to the point—just state the 
facts, but be constructive if possible 


A statement that 3% of the instru 
ments had loose parts needs little if any 
interpretation. In one case a fraction 
defective control chart posted in the 
factory for the first time showed screws 
missing from 3% of the product. This 
alone resulted in the disappearance of 
this shrinkage factor 


In another case a statement in the 
regular Customer Quolity Report that 
the average response was below speci 
fication average for the past two 
months but had previously agreed with 
the specification average brought cor 


rective action 


5. The fifth fundamental is regularity 
of reports. Regularity is essential in 
maintaining control charts. In a like 
manner regularity in reports eliminates 
bias. Reports which are not regularly 
issued will be prepared when changes 
take place. Either the results are im 
proved or trouble has occurred. A regu 
lar review of subjects eliminates this 
bias and prevents the criticism that re- 
ports convey the impression that normal 
conditions never occur. If conditions are 
normal a report issued at specified in- 
tervals must find control existing at 
least occasionally if control exists at all 


Regularity is also a hard task master 
and the fact that you have committed 
yourself or your department to issue a 
regular report sets a more definite goal 
and forces a review of the subject at 
these times. We are all likely to pro- 
crastinate. A report that is issued later 
than scheduled annoys us. Thus the reg- 
ular report discourages procrastination. 


EXAMPLES OF REPORTS 


A review of some of the reports used 
in our plants will assist in emphasizing 
the fundamentals just discussed. Since 
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This report summarizes deta on the quality of material shipped to the 
field during the month of November 1947. 


The dete for this report was obtained from random samples representing 
firet run quality, customer quality or indicated stage in production. 


During this month, shipments of 900 instruments were made to the field. 
The AOQL (Average Outgoing Quality Limit) of the "900" as well as the 
"700" transmitter and components was maintained at 5%. 


The first page of this report contains a general discussion of the quality 
levels of the materials listed in detail in thie report. 


The date used as @ basis for this report has been the work of many 
individuals, It represents a summary of data taken both in the laboratory 
and in the factories by members of the Quality Control and Inspection 
Division. 


Prepared by 
Quality Standards Group 


August B. Mundel 
Chief Engineer 
Quality Control & 
Inspection Division 
Sonotone Corporation 
Elasford, N.Y. 
December 10, 1947 


ce: Messrs. 1.1.8 JL. 
L.C.E. A.M.L. 
J eB. G.EB. 
H.A.P. E.C. 
EM. A... 
CR. VE. 
Heke HeRede 
Ce JeCe 
S.LP. Hef LK. 


FIGURE 4—- COVER PAGE—MONTHLY CUSTOMER QUALITY REPORT 


The *900" "700" Instruments - The first "900" instruments were shipped to 
the field during the month of September. The average output of the instruments 
manufactured up to the end of September is shown in this report. The 
specification, as originally set, calls for an average output of 156 millivolts 
at 1.4 volts "A" and 22 1/2 volts "B". The average of the manufactured product 
is running at 143 millivolts. Under these conditions, it is 0.° db below the 
specification average but well within the limit of 100 to 250 milliwolts. At 
15 wolts, the specification calls for an averace of 67 millivolts tut the 
product is running at an average of 56 millivolts output. This output is 

1.6 db below the specification average but well within the specification limits. 
This data is being presented in the form of a control chert similar to that which 
has previously been used for summarizing the response of the "700". The "700" 
instrument has continued to perform at the same average level as shown in the 
August report. 


Tubes - P-4's completing life test during the month of September were auch more 
stable than those which completed life test during the month of August. 


~- Definition of Customer Quality - Where the characteristic of an 
instrument or component in this report is listed as the Customer Quality, samples 
have been taken after the material has passed inspection and would normally 
go to the field. The samples are then indicative of the quality which our 
dealers and customers would obtain. 


Definition of First Run Quality - First run quality is the quality after « 
component, assembly or completed instrument has been finishec but before it 
has been tested. It is natural to find defects in first run quality which 
would not be present in customer quality because they have been removed in 
the inspection process. 


FIGURE 5— SUMMARY PAGE—MONTHLY CUSTOMER QUALITY REPORT 
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The chart on this 


e shows the output readings obtained at full "A" battery 


voltage (1.4 volts) and 17 volts of "B* battery. The output readings are in 
millivolts and represent the output into a 100 ohm load when the instrument 
is meesured in the final test box at 600 cycles with approximately 60 db above 
@ tero level of 0.0002 dynes/cm< sound pressure on the aicrophone. 


Average values (I) and sigwas (@’) on these charts represent samples selected at 
random from instruments which have been approved for shipment (i.e. Customer 
Quality). Samples are selected and inspected independently of production by 
the Quality Control Group at the Hamilton Plant at the beginning of each week, 
The chart shows the variation of Land © , by weeks from September 29th to 
- present. The dotted lipes represent control limits and the solid lines 

and @ On the chart the X for November 10th and November 24th were outside 
their contro] limits indicating that these samples were unlike previous groups. 
In general this would indicate that outgoing quality wes not as well controlled 


statistically in November as in October. 


However, output limits of sets shipped 


have been maintained within specifications in all cases. The specification 
limite are the same as those initially used. 


Megkly Averages - "700" Instrument Messured et Control Group - Customer Quality 


Output @ 17 end 1.4 wolts 


Specifications: ‘SO-178 av. 





mv. 
140 


120 


100 


30 jae — — — — 


2 bee ae awe em oo 











Date 29 6 13 20 27 3 10 17 24 1947 


Sept. Oct. 


Sample Size 100 9696 8) 


FIGURE 6- 


the subject matter of reports is in gen 
eral of a confidential nature within an 
organization, many of the reports have 
been altered so as to contain no confi 
dential material 

Figure 1 presents the regular report 
of the foreman of the Raw Material In- 
spection Group showing the parts that 
have been received and inspected in 
the last week. A short report usually ac 
companies this, pointing out details of 
unusual or administrative items. Here 
the emphasis is on quality with a listing 
of the AOQL and the process average 
of material inspected. This report is is- 
sued weekly—it is brief and factual 
Note for example, part No. 6415 re 
ceived from two different manufacturers. 
also the “X" when detailing was neces 
sary. Here the report is of interest tc 
associated departments such as 
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Nov. 


98 100 100 100 50 


USE OF CONTROL CHART IN CUSTOMER QUALITY REPORT 


turing Division. Copies are also sent 
Chief Mechanical Engineer and 

the Divisional Heads 

Fig 

Report on interplant subassemblies and 


ure 2 shows the Weekly Summary 


final products presented by the factory 
group This indicates the 


quality contro 
process average 
quantity of materials passed by the 
group from one plant or department to 


defective and the 


another, or shipped to the customer 
The contro! group in our plant does all 
sampling of subassemblies and finished 
parts. When quality reaches a satisfac 
tory limit all 100 


except where 


inspection ceases 

ots fail samp! ng 
Shrinkage reports, Figure 3, are an 

other forr a. port to management 


ssued to all interested 


bHora the re Ort 


This report, which covers first run 
quality, (first run quality being the qual 
ity at any point in the process prior to 
an inspection operation) lists daily 
shrinkages on the left. One column is 
used for each day of the work week 
(Monday, Tuesday, etc.) and cumulative 
shrinkages for the month are on the 
right half of the sheet. Referring to the 
chart, the upper line for each item is 
the total presented for test, the lower 
left item the shrinkage, and the lower 
right item the percent of shrinkage. Sim 
ilarly, for: the accumulated values on 
the right of the sheet. Where parts 
have qualified for sampling, the items 
are marked with an asterisk and the 
AOQL and process average are shown 
as in the code box at lower right. These 
reports are made on ditto. One stenci 
is used for a week starting Monday 
When the first set of columns is com 
pleted, copies are sent to those on the 
circulation list. Additional data are in 
serted on the stencil each successive 
date and copies immediately printed 
and sent out. 

One of the big advantages of record 
ing several days shrinkage and the a 
cumulated shr nkage ona single sheet 
as in these shrinkage records, is the pos 
sibility of observing whether or not sta 
tistical control exists in the shrinkage 
record. In locations where a more cur 
rent shrinkage record is required, these 
records supplement hourly shrinkaa: 
records which are kept in greater de 
tail on each factory test set 


THE CUSTOMER QUALITY REPORT 

Reports to top management in our 
organization are more formal and are 
issued monthly rather than daily or 
weekly as are the previous reports 
Here we expect no immediate action or 
response to the report whereas reports 
at operating level usually contain items 
which require prompt action by some 
individual 

The Customer Quality Report contains 
an overall picture of operating effi 
ciency and quality level. It is circulated 
to the top management: the President, 
Director of Technical Operations, Sales 
Department, Treasury Department, as 
well as responsible personnel in all of 
the operating divisions 
circulating a report of this nature it 
of course, necessary to have tacit execu 
tive approval and cooperation. In ad 
dition, it is wise to pay scrupulous at 
tention to the principles previously set 


In issuing and 


« 
> 


forth, or the goal of better quality will 
not be achieved. This report should 
give f er incentive to better quolity 
In addi! to Keeping our management 











informed of plant operations and qual- 
ity levels, it has taught them what vori 
ations to expect in the product. A com- 
plete copy of this report would be too 
long for this paper. Several specimen 
sheets will be shown and described 
With these as a guide it should be pos- 
sible to adapt this procedure to your 
needs 


Figure 4 shows a cover page from 
one of our monthly quality audits. The 
cover gives a circulation list and a short 
resumé of pertinent facts. Also note 
the formal title, the persons responsible 
for issuing the report, and a reference 
to divisional personnel who have col- 
lected the data. Reports should always 
show their source of origin, a subject 
and a date. They may be addressed to 
the immediate superior and include a 
distribution list. Where not specifically 
addressed, a distribution list should be 
included. (It is sometimes amazing to 
see the number of reports which circu 
late in an organization without listing 
authors or responsible departments.) 


Figure 5 shows the summary sheet of 
the report. Here, as in some other 
places in this article, all the informo- 
tion appearing on a single sheet is not 
drawn from one report but from several 
to give clearer examples. The purpose 
of the summary sheet is to give all a 
quick resumé and refer them more 
rapidly to their particular interest. 


In this report you will note references 
to AOQL, histograms, control charts and 
symbols such as X and o. Our practice 
has been to use statistical terms and 
quality control forms whenever they 
best describe the situation. In this way 
accuracy is maintained and specific in- 
formation is given to Research, Engi- 
neering and operating personnel. For 
the benefit of the lay reader a short 
general definition of the new term or 
form is given at the appropriate point, 
as, for example, the definition of first 
run and customer quality on the sum 
mary sheet 


As an example of the use of a control 
chart in the Customer Quality Report 
let us refer to Figure 6. This chart indi- 
cates the electrical output of a hearing 
aid under a specific test condition. The 
level of operation of this instrument is 
of interest to our management and is, 
therefore, included in this report. In 
this case, control limits are close to- 
gether because of a large sample size 
A state of control+does not exist at 
every point shown on the chart. The 
last point on the X chart covers a 
smaller sample size than the previous 


RECLI VERS 


The average of Rl receivers checked 
war ver) 


the specification 


clove t 
limit 


ir 


the specification average. 
and the readings 


the Quality Standards Section 
All reedings were within 
were Cistributed almost fifty- 


fifty above and below thy specification average. 


The shrinkare on the Rl's for the month was 12% out of 216] produced. 


Customer Quality-Rl Receiver Response at 400 Cycles 


0 db= 


Specification average of 97 db above .C002 dynes/cm@ 


into a standard 2 cc. coupler with a 6Mw. drive inte 
an equivalent load of 64 ohrs. 
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FIGURE 7 


averages. Since computation of the ac- 
tual control limits for this sample size 
shows the point to be out of control, 
the contro! limits were not adjusted. 
Specification limits are carefully indi- 
cated. A statement explaining the cause 
of the loss of statistical control should 
be included 

A short description of the chart ac- 
companies it for those unversed in sto- 
tistical terminology. Each instrument 
type of major interest may be described 
by one or several charts of this type 
indicating various parameters and con- 
ditions of operation 

The next sheet of the Customer Qual- 
ity Report (Figure 7) is an example best 
described by a histogram. The report 
shows the performance of hearing aid 
receivers in reference to specification 
levels. The criterion is how much sound 
pressure is obtained in a specified cav- 
ity when a specific electrical power in- 
put is available. Reference is made to 
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this specification above the histogram 
The initial publication of histograms 
was accompanied by a short descrip- 
tion but this form of presentation is al 
most self-explanatory 


Shrinkage figures at final test for the 
month may be included at this point or 
in the summary. It is also of interest in- 
sofar as customer quality is concerned 
to point out changes in mechanical or 
operational features in these descrip- 
tions whenever such occur 


CONCLUSION 

The problem in each plant is different 
and so are the interests. As a quality 
reporter you must know the problems, 
the points of view and how best to por- 
tray the important characteristics. Since 
such a discussion must take into ac 
count the actua! conditions involved, it 
is, of course, beyond the scope of this 


paper 
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Our quality reports have materially 
helped to create a mutual responsibility 
Reports are a management tool and, if 
wisely used, create a better understand- 
ing of the desired goal and a more uni- 
fied effort toward its attainment. 

In conclusion, we shall restate the 
principles we have discussed: 


1. Report items of major importance 

2. Circulate your report at least to 
your superior and, if possible, to 
your associates and interested par 
ties 

3. Be brief and specific 
Be factual and unbiased 


Issue reports regularly 
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A New Method for Approving a 
Machine or Process Setting—Part III 


IRVING W. BURR 


PROFESSOR OF MATHEMATICS, PURDUE UNIVERSITY 


INTRODUCTION 

The first two papers in this series* pro- 
vided a general approach to the prob- 
lem of checking a machine or process 
setting. They included tables of con- 
stants which would enable the user to 
check the setting, subject to two risks 
of wrong decisions. These constants 
had to be multiplied by the process 
standard deviation before the checking 
could begin. This paper presents sets 
of tables already prepared so that if 
one knows the process standard devia- 
tion or the average range, he can im- 
mediately begin his check without any 
arithmetic, by simply using the appro 
priate table. Thus this paper goes one 
step further in simplifying the checking 
of a setting 


DESCRIPTION OF TABLES 

Table 1 of this paper was obtained 
directly from Table 3 of Part | in this 
series of papers. The range of all pos 
sible process standard deviations, o’, 
from | to 10 was broken up into twelve 
intervals, each covering approximately 
a twenty percent variation in (o’)'s. The 
respective values of L and U of Table 3 
(Part |) were multiplied by the largest 
value of o’ in each interval. This gives 
the acceptance and rejection number 
for each sample size, n, if the process 
standard deviation lies in the interval 
shown. Thus if a process standard de 
viation is .0023”, we call this 2.3 thou 
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sandths and arrange to record the 
measurements in thousandths, so that o” 
will be between | and 10. (We do not 
measure in ten thousandths of an inch 
for then o would be equal to 23 of 
these units.) Next we choose the interval 
of o’ running from 2.155 to 2.610 since it 
contains 2.3. The acceptance and re 
jection numbers are then given in the 
corresponding columns, the unit being 
thousandths of an inch 


Such a check is designed to distin 
guish between process averages of 2.6] 
thousandths of an inch apart, as shown 
in the first row of the headings in the 
table. This means that if we should 
check the setting when it ts actually 
perfect there is somewhat less than one 
chance in ten of reaching the incorrect 
decision of ‘reset.’ On the other hand 
if the setting !s checked when it ts ac 
tually 2.61 thousandths of an inch too 
high or too low, the undesirable deci 


sion of ‘approve’ stands to be reached 


As explained 


ess than one time in ten 


further on. these risks of wrong decision, 


whic we nave just ry entioned are ap 

proximately 10 whenever our actual 
, 

process standard deviation o is near 


the upper limit of a class, but are a 


good deal less +} on 10 when a’ S 
elsewhere in the interval Th ey may 


even be as low as 3% 


In tne sorr e monner Table 2 wos OD 


tained from Table 2 of Part | 


Both tables also provide classes for 
the average process range, R, for the 


two commonest sample sizes, n, equa 


to four and five. Thus for such sample 
sizes it is not necessary to estimate o° 
by use of the conventional formula 


ao = R/d. 
for the class of average ranges for the 


Instead one merely looks 


given sample size 4 or 5, and which 


contains our actual average range 


As emphasized previously, it is essen 
tial that the control! chart for ranges (or 


j 


standard deviations) show good control 


In Tables 1 and 2 as in Parts | and 
Il, whenever an acceptance or rejectior 
31.972 {last 


column Table 2) which would normally 


number came out like 
be rounded to 32.0, it was rounded in 
stead to 31.9 so as to make it clear that 
a total of 32 would be regarded as 
above tne rejection number 3] 9 and 
hence that the setting would be re 
ected. If 32.0 had heen recorded, it 


might not be obvious whether or not to 


reject 


TWO EXAMPLES 
Example 1. The first rough grind for 


thickness \eage width) of castings for 
piston rings shows only one point out 
of control for sixty samples of five each 
The average range is .00059’’, original 
measurements being in ter thousandaths 
of an inch. Specifications are .1380” to 
1420”. The process standard deviation 
s R/do, or (5.9 tenths)/2.326, which is 
2.5 tenths. Since we can safely let the 
grinders wear until the process average 
kos risen to a level of 30’ below the 
ypper specification, .1420”, we regard 
14200”°—.00075”, or .14125” as a criti 








cal level for Xx 
this about half of o standard deviatior 
0, we find 41) Os CG convenier 


safe’ level for the process overage a’ 


If the process average rises to about 


one o above +r $, thot 5 to 4 
“crr 
0025”, we would be running at an ur 
$ 
safe level because we would then be 
Pig 
closer than 3a’ to the upper specifica 
i ped 

tion .1420 lt greater satety is desired 
) 

we could use .1410” as the safe leve 


We now set the gage to read zero at 

1411” Consulting Tat f 2 for tne one 
P 

way check we find that the o’ class 
2.16 to 2.61, includes our oa’ 
we could have found our R of 5.9 tenths 
in the class 5.02 to 6.07). The two re 
spective columns ir Table 2 aive the 
acceptance and rejectior 
the algebraic inet) sum of the measure 
ments figured from .1411 and in units 
of .0001". For the first data shown 
(Table A) a decision of et rur $ 
reached in eight measurements, because 
at that point our total of 4-4 is below 
v7 
Table 2. For 


the second set of date a decision of 


the ‘accept total of 4.7 


reset s reached on three measure 
ments since -+-|1 exceeds the ‘reject 
entry, 9.7 for an n of 3 in the proper 
column of Table 2. Note that none of 
the three pieces were close to being 
out of specifications The decision was 
reset, however, because the average 


1420” for 


level has come too close to 


safety 
Table A 
n | Measurements from | Sum 
1411” in .0001” 
] ] ] 
2 1] 0 
3 | 
A | 14 bg 
in 1-2 | +5 
6 | | 1.4 
7 1] ze = 
i] ] | 14 
Table B 
Measurements fran Sum 


1411” in .0001” 
— ae 3 
2 1.4 1.7 
3 L ——s 7 4 } MW 
Example 2. For a piston pin on a 
centerless grinder operation the ranae 





chart shows only one point out of the 


contro! band in 59 samples although a 


few more are close. For samples of 


five p 000156” Dividing this t y 
d. 326) gives 0’ equal to .000067” 
Her f in control the process can give 


practically all of its product withir 
+ ANNI’ bh ‘ hateve . 
007 about whatever process av 


erage is being held. Since specifica 
ann. panne 
tions ore 1.74975 00025", the proc 


According y to check the process 
overocae or ony time we set the gage 
og 
- 6 174070" Pb 
> reoc zero a 447/09 INOW we use 
’ T > 
ne olumr r obi nv c ne cioss 
£ . je n ie 
for o is 5.63 to 68 order to use 
the entrie rm tr sectic we either must 
easure one } ed thousandths of 
a ne or whot is easie we shift the 
Jecima point fine fe} entries n the 
T 
oble one p ace ir the eft Thus 
3 heromec 7 7 ; Nie nr nr 
3 pecome J “OW proceed 
to measure r ten-thousandths of an 
, f 1 74076" 
ncn trom 74975 os zero Cumu ote 
the total. tokina coret account ot the 
sians Whenever the toto ot a the 


measurements is smalier in size than the 
Acc entry we approve the sett ng 
but if it is larger in size than the “Re 
entry we take appropricte steps to re 
vise the process average. If between 
whether tne toto 2 is yy minus we 
take another piece s in the present 
example, if the total of six measure 
ments fron the nomina . 5 tenths 


2.0 tenths or —4.5 tenths, the respec 


tive decisions would be approve, 
take another measurement, or reject 
the setting and take steps to increase 
the process average The indicated 


amount by which to reset in the last 
case would be 4.5/6 or 75 of a tenth 


up ward 


MATHEMATICAL APPENDIX 


The limits for the classes for ao’ were 
set at the consecutive twelfth roots of 
ten, so as to have a constant percentage 
increase from the lowest to the highest 
for the av 
btained by 
mu tiply ng the class limits for oa’ by the 


a’ in each class. The classe: 
erage range KR were ther 


d. values 2.059 and 2.326 for samples 


of four and five oases respectively 


When discriminating between two 


process averages a fixed distance apart, 
but with o varying «a, it is obvious that 
me risxs of wrong ceci«* ns WwW vary 


By equating the fixed distance, d, to the 
largest o’ in a class, it 


sured thot the moxin risk at the 


critical leve s would be The prob 
em of determinina the - f the risks 
which occur when the smallest a’ in the 

class is used is important 
For the second or ay choice 
the probier s easily a he 
the laraest standard di - ri = ie 
class. Then the smalles? 91153 
” - 


soy o Now for il 


hy b{a'}- / (msa—m,} 


2.1972 (a’)2, 0’ 
2.19720’ = hs 


$s = (my+m,)/2 

50° 
if m, is taken as zero 
Then the acceptance and rejection num 


bers for /x (with m, as zero) are 
[Sx]-Acc h,-+sn 
? 19720 > Sa'n 
[Xx]-Re; +ho+sn 


2.19720’ +-.50’n 
But now considering these as the ac- 
ceptance and rejection numbers of a 
plan in which m ,—m, = 1.211530” 
a’), m; = 0, and the standard devi- 
ation is ao’, we have 
2.19720’ +-.50’n 
: 2.1972(1.211530"’) 
+-.5(1.211530°")n 
—2.66200” + .605760'’n 
h, "ao" + s’’n 
and hence h,” = 2.66200” 
s” = .605760” 
However, we know that 
hy” = b” (0? /(m2”—m,") 
Hence 
2.66200” =b” 0")? / 1.211530” 
from which b” — 3.2251, which is also 
the value of a”. Using the definitions 
of these quantities, namely 
a” = Inf(1—B”) 0} 
b” = In{(I—a”’) 6”) 
we have two simultaneous equations to 
be solved for a” and 6”. Thus 
3.2251 = In{(—B”) /a”] 


he” ond 


or 
(I—B”) /a” = e* 225! 25.155 
and 
(i—a”) /B” = 25.155 
Finally, 


a” 0382 — p” 

Hence when our process standard de- 
viation, a’, is at the lower boundary 
for any one class we are making a dis- 
crimination between two means which 
cre approximately 1.21 times our o’ 
apart, but our risks are only about 4° 
for a wrong decision, instead of 10%, 


The problem for the two-way decision 
is more difficult. In fact an exact solu- 
tion is not available. However, pro- 
ceeding in the same manner as was 
just done we can exactly match all of 
the rejection numbers, and can also 
match al! of the acceptance numbers 
except where n is so small that the 
straight line approximation h,+ns 
is not applicable. This range is for n 
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b> 
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TABLE 1 - ACCEPTANCE AND REJECTION NUMBERS FOR CHECKING SETTING TOA DESIRED LEVEL. 
Protection Against Both Too High And Too Low Settings. Twelve Plans for Various Classes of Process 
Standard Deviation,o , and Average Ranges, R, for Samples of 4 and 5. Range Chart Must be in Control. 


Protection Against | T | 
Proc. Aver. Off by: 1.21 1.46 1.77 2.15 2.61 3 
Proc. Std. Dev. & 1.00-1.21 1.22-1.46 1.47-1.77 1.78-2.15 2.16-2.61 2.62 
Aver. Range Msd | 2.33-2.81 | 2.82-3 4) 3.42-4.13 4.14-5.01 5.02-6.07 6.08 
Aver. Range n-4 2.06-2.49 2.50-3.02 3.03-3.66 3.67-4.43 4.44-5.37 5.38- 
| Acc. Rej. Acc. Rej Acc. Rej. Acc Rej Acc. Rej Acc 
Sample Size 1 - 4.1 4.9 - 6.1 - 7.3 - 8.8 - 
2/ - 4.7 . 5.7 - 6.9 - 8.4 - 10.2 - 
3; - 5.3 - 6.4 - 7.8 - 9.5 - 11.5 - 
4/- 5.9 - 7.2 - 8.7 - 10.5 - 12.8 - 
5 9) 6.5 1.2 7.9 1.5) 9.6 1.8 11.6 2.1 14.1 2.6 
6 1.7) 7.1 2.1) 8.6 2.6 10.5 3.1 (12.7 3.8 15.4 4.6 1 
7 2.4 7.7 2.9 9.4 3.5 11.4 4.3 13.8 5.2 16.7 6.3 2 
8 3.1 8.3 3.7 10.1 4.4 12.3 5.4 14.8 6.5 17.9 7.9 21. 
9 3.6 8.9 4.4 10.8 5.3 /13.1 6.4 15.9 7.8 19.3 9.5 | 23, 
10 4.2 9.6 5.1 /11.6 6.2 /14.1 7.5 16.9 9.1 | 20.6 11.1 | 24, 
11 4.8 10.2 5.9 | 12.3 7.1 14.9 8.6 18.1 10.4 21.9 12.6 26. 
12 5.4 10.8 6.6 13.1 7.9 15.8 9.7 19.1 11.7 23.2 14.2 28. 
13 6.1 11.4 7.3 | 13.8 8.9 16.7 10.8 20.2 13.1 24.5 15.8 2 
14 6.7 11.9 8.1 14.5 9.8 17.6 11.8 (21.3 14.3 25.8 17.4 31, 
15 7.3 12.6 8.8 | 15.3 10.7 | 18.5 12.9 |22.4 15.7 27.1 18.9 32. 
16 7.9 13.2 9.5 15.9 11.6 19.4 13.9 | 23.5 16.9 28.4 20.5 | 34. 
17 8.5 13.8 10.3 16.7 12.4 | 20.3 15.1 24.5 18.3 | 29.7 22.1 36. 
18 9.1 14.4 11.1 17.5 13.3 21.1 16.1 25.6 19.6 | 31.1 23.7 | 37. 
19 9.7 15.1 11.7 | 18.2 14.2 | 22.1 17.2 | 26.7 20.9 32.3 25.3 39. 
20 10.3 15.6 12.5 | 18.9 15.1 | 22.9 18.3 | 27.8 22.2 33.6 26.9 40. 
21 10.9 16.2 13.2/ 19.7 15.9 | 23.8 19.4 | 28.8 23.5 | 34.9 28.4 42. 
2211.5! 16.8 13.9 | 20.4 16.9 24.7 20.5 | 29.9 24.8) 36.3 30.1 | 43, 
Prot. Margin | 3.83 _ 4.64 9.62 | 6.81 | 8.25 10.00 
o _ _3.17-3.83 3.84-4.64 | 4 65-5.62 | 5.63-6.81 | _6.82-8.25 8.26-10.00 
R, nz5 ___7.36-8.91 8.92-10.8 | 10.9-13.9 | 13.1-15.8 | 15.9-19.1 19.2-23.2 
R, nz4 6.52-7.88 7.89-9.55 9.56-11.5 | 11.6-14.0 | 14.1-16.9 17.0-20.5 
Acc. Rej. Acc. Rej Acc. Rej. Acc. Rej | Acc. Rej Acc. Rej 
Sample Size 1] = 12.9 - 15.7 - 19.1 - 23.1 - 27 9 o 33.9 
2 - 14.9 - 18.1 - 21.9 - 26.5 - 32.1 - 38.9 
3 - 16.8 - 20.4 - 24.7 - 29.9 - 36.2 - 43.9 
4 - 18.7 - 22.7 . 27.5 - 33.3 - 40.4 - 48.9 
5 3.1 20.7 3.8 25.1 4.6 30.3 5.6 36.7 6.8 44.5 8.2 53.9 
6 5.5 22.6 6.7 27.3 8.1 33.1 9.8 40.1 1.9 48.6 14.4 58.9 
7 7.6 24.5 9.2 29.7 11.1 35.9 13.5 43.5 16.3 §2.7 19.8 63.9 
4 9.5 26.4 11.6 31.9 13.9 38.7 16.9 46.9 20.5 56.9 24.9 68.9 
y 11.5 28.3 13.9 34.3 16.8 41.6 20.4 50.4 24.7 61.1 29.9 73.9 
10 13.4 30.2 16.2 36.6 19.7 44.4 23.8 53.8 28.8 65.1 34.9 78.9 
11 15.3 32.1 18.5 38.9 22.5 47.2 27.2 57.2 32.9 69.3 39.9 83.9 
12 17.2 34.1 20.9 41.3 25.3 49.9 30.6 60.6 | 37. 73.4 44.9 88.9 
13 19.1 35.9 23.2 43.6 28.1 52.8 34.1 63.9 41.2 77.5 49.9 93.9 
14 21.1 37.9 25.5 45.9 30.9 55.6 37.4 67.4 | 454 81.6 54.9 98.9 
15 22.9 39.8 27.8 48.2 33.7 58.4 40.8 70.8 | 495 85.8 59.9 103.9 
| | | 
1624.9 41.7 30.2 50.5 | 36.5 61.2 44.3 74.2 | 53.6 89.9 64.9 108.9 
17 =. 26.8 43.6 32.5 52.9 39.3 64.1 47.7 77.6 | 57.7 94.1 69.9 113.9 
18 28.7 45.6 34.8 55.2 42.2 66.9 51.1 81.1 | 6] 98.1 74.9 118.9 
19° 30.6 47.5 37.1 57.5 44.9 69.7 94.5 84.4 | 65 102.3 79.9 123.9 
20 32.6 49.4 39.4 59.8 47.8 72.5 57.9 87.8 | 70.1 106.4 84.9 128.9 
t 


1.3 91.2 74.3 110.5 89.9 133.9 
4.7 94.6 | 794 114.7 94.9 138.9 
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TABLE 2 - ACCEPTANCE AND REJECTION NUMBERS FOR CHECKING SETTING TO A DESIRED LEVEL 
OR BELOW. Protection Against Too High a Setting. Twelve Plans for Various Classes of Process Standard 
Deviation,o, and Average Ranges, R, for Samples of 4 an 5. Range Chart Must Be in Control. (Same con- 
stants useful if checking against too low a setting. In suci: a case set zero at dangerously low X and inter- 
change the headings '‘Acc."' and ''Rej."’ in table below.) 


Protection Against 





Proc. Aver. High by: | 1.21 1.46 1.77 2.15 2.61 3.16 
Proc. Std. Dev. o 1.00-1.21 | 1.22-1.46 1.47-1.77 |  1.78-2.15 2.16-2.61 2.62-3.16 
Aver. Range n=5 | 2.33-2.61 2.82-3.41 3.42-4.13 | 4.14-5.01 5.02-6.07 6.08-7.35 
Aver. Range n«4 | 2.06-2.49 | 2.50-3.02 3.03-3.66 3.67-4.43 4.44-5.37 5.38-6.51 
Acc. Rej. | Acc. Re). Acc. Rej.  _— Acc. Re). Acc. Rej. Acc. Rej. 
Sample Size 1 -2.1 +3.3 -2.5 +3.9 -3.1 +4.8 -3.7 +5.8 -4.4 +7.1 -5.4 +8.5 
2 -1.5 3.9 -1.8 4.7 -2.1 5.7 -2.6 6.9 -3.1 8.3 -3.8 10.1 
3 - 6 4.5 -1.1 5.4 -1.2 6.6 -1.5 7.9 -1.8 9.7 -2.2 11.7 
4 - 2 §.1 - 3 6.2 - 4 17.5 - 4 9.1 - .56 10.9 - .6 13.3 
5 + .4 5.7 + 4 6.9 + .5 8.4 + .7 10.1 8 12.3 + .9 14.9 
6 9 6.3 1.2 17.6 1.4 9.2 1.7 11.2 2.1 13.6 2.5 16.4 
7 16 6.9 1.9 8.4 2.3 10.1 2.8 12.3 3.4 14.9 4.1 18.1 
4 2.2 17.8 2.6 9.1 3.2 11.1 3.9 13.4 4.7 16.2 5.7 19.6 
9 2.8 8.1 3.4 9.8 4.1 11.9 4.9 14.4 6.1 17.5 7.3 21.2 
10 3.4 8.7 4.1 10.6 4.9 12.8 6.1 15.5 7.3 18.8 8.9 22.8 
11 4.1 9.3 4.8 11.3 5.9 13.7 7.1 16.6 8.6 20.1 10.4 24.3 
12 4.6 9.9 5.6 12.1 6.8 14.6 8.2 17.7 9.9 21.4 12.1 25.9 
13 5.2 10.5 6.3 12.8 7.7 15.5 9.3 18.7 11.2 22.7 13.6 27.5 
14 5.8 11.1 7.1 13.5 8.5 16.4 10.3 19.8 12.5 24.1 15.2 29.1 
15 6.4 11.7 7.8 14.2 9.4 17.2 11.4 20.9 13.8 25.3 16.8 30.7 
Prot. Margin 3.83 4.64 5.62 6.81 8.25 10.00 
o 3.17-3.83 3.84-4.64 4.65-5.62 5.63-6.81 6.82-8.25 8.26-10.00 
R, n«5 7.36-8.91 8.92-10.8 10.9-13.0 = 13.1-15.8 15.9-19.1 19.2-23.2 
R, ne4 6.52-7.88 7.89-9.55 9.56-11.5  11.6-14.0 | 14.1-16.9 = 17.0-20.5 
| Acc. Rej. | Acc. Rej. Acc. Rej. Acc. Rej. Acc. Rej.  _— Acc. Rej. 
Sample Size 1 -6.5 +10.3 -7.9 +12.5 -9.5 +15.2 -11.6 +18.4 -14.1 +22.3 -16.9 +26.9 
2 -4.6 12.2 -5.6 14.8 -6.7 17.9 - 82 21.8 -9.9 26.4 -11.9 31.9 
3. -2.7 14.2 -3.2 17.2 -3.9 20.8 - 4.8 25.2 5.8 30.5 - 6.9 36.9 
4 - 8 16.1 - 9 19.5 -1.1 23.6 - 1.3 28.6 -1.6 34.6 -1.9 41.9 
5 +1.2 17.9 +1.4 21.8 +1.7 26.4 + 2.1 32.1 +2.5 38.8 +3.1 46.9 
6 3.1 19.9 3.7 24.1 4.5 29.2 5.5 35.4 6.6 42.9 8.1 51.9 
7 4.9 21.8 6.1 26.4 7.3 32.1 8.9 38.8 10.8 47.1 13.1 56.9 
8 6.9 23.7 8.4 28.8 10.1 34.8 12.3 42.2 14.9 51.2 18.1 61.9 
9 8.8 25.7 10.7 31.1 12.9 37.7 15.7 45.6 19.1 55.3 23.1 66.9 
10. 10.7 27.6 13.1 33.4 15.8 40.5 19.1 49.1 23.1 59.4 28.1 71.9 
11 | 12.7 29.5 15.3 35.7 18.6 43.3 22.5 52.4 27.3 63.5 33.1 76.9 
12 14.6 31.4 17.7 38.1 21.4 46.1 25.9 55.8 31.4 67.7 38.1 81.9 
13 16.5 33.3 19.9 40.4 24 48.9 29.3 59.3 35.5 71.8 43.1 86.9 
14 18.4 35.2 22.3 42.7 27.1 51.7 32.7 62.7 39.6 75.9 48.1 91.9 
15 20.3 37.2 24.6 45.1 29.8 54.5 36.1 66.1 43.8 80.1 53.1 96.9 
equal to 5 and 6 only. Hence we have [(o’)* /(1.21153)7}(2.20765) / 0” sizes n for which the graph is a straight 
practically duplicated the sampling 1.5040° line (but not in the curved part for the 
plan, but have not exactly done so and similarly acceptance numbers). We can there- 
The plan h.” —(0”’}*(a” +-.69315) /d” fore say that the risk of reaching a 
m, —0, d=1.211530”", a” —.027261 and 2.8890" decision to ‘reset’ when the setting is 
6” — 053481 provides ond already perfect is somewhere between 
oa” — 3.5473, b” —2.9008 s” —1.211530"/2—0'/2 03 and .10, while that for failing to 
Then Since these are respectively the h,, he reset when the process average is the 
hy’ —(0"*(b”—.69315) /d” and s, the acceptance and rejection indicated amount, d, too high or too 
(a”’)?(2.9008—.6931 5) / 1.211530” numbers are the same for all sample low, is somewhere between .05 and .10 
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MEMBERSHIP 
J. R. STEEN 


Chairman, 
Committee on Membership 


Beginning with this issue of Industrial 
Quality Control and continuing for the 
next several issues, charts will be pub- 
lished indicating progress made by the 
various Sections in securing paid mem- 
berships for 1949-1950. Although this 
first chart shows only the total number 
of paid memberships to and including 
September 30, it is expected that fu- 
ture charts will eover progress at 60-day 
intervals as well. 


Let's take a look at the current chart. 
What do we see? First, Chicago has 
137 paid members as compared with 
170 for all of last year. An excellent 
record indeed! Ohio has 78 paid mem- 
berships, Michigan 76, Indianapolis 72 
and Boston 60. Several others have ap- 
proximately 25 paid memberships and 
several others (10 to to be exact) have 
none. There are 163 members at large 
and 8 members in training. When it is 
realized that the membership year is 
one-fourth over, this is not an enviable 
record, taken as a whole. 


Now let's see how our figures com- 
pore with those of last year. On Sep- 
tember 15, 1949 there were 783 paid 
memberships as compared with 520 on 
September 15, 1948. Encouraging in- 
deed, but due to the extra activities of 
a very few Sections. No figure is avail- 
able for September 30, 1948 to compare 
with the total of 1,092 paid member- 
ships as of September 30th this year. 


Based on a total of 2,439 member- 
ships for the year 1948-1949 and a goal 
of 3,500 memberships by June 30, 1950, 
we are just about holding our own. The 
percentage of the total as of September 
15th a year ago was approximately 20 
percent as compared with approxi- 
mately 22 percent this year. This fails 
to take into account, however, the fact 
that five new Sections have been added 
in the meantime. 


One particularly fruitful area from 
which new ASQC members can be re- 
cruited is the local society organization 
Not long ago at one local meeting 
membership figures were given as about 
250. This is roughly twice the number 
of ASQC members reported by this 
Section at the end of the 1948-1949 sea- 
son. Efforts expended along this line, 
as well as in promoting the general up- 
grading of members, will go far in 
strengthening our Society to the point 
where it can weather any storm. 
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BAR-CHART OF PAID-UP ASQC MEMBERS PER SECTION AS OF SEPTEMBER 30, 1949 
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this respect, and thus their 


for the receipt of Industrial 


NOTICE 


The Constitution of the Society, Section 23d, specifies that members whose 


national dues have not been received by January | become delinquent in 


names must be removed from the n ailing list 


cr 


vality Control and 


ts News Supplement 


Members are asked to cooperate by paying their 1949-50 dues immediately, 


so as to be sure of receiving all Society publications 


Simon Collier 


Executive Secretary 
































K annex provides a sound system of preventive 
maintenance an important accessory to successful 


ty control. This is especially true in fields where 


(] la 
repetitive machine operations dominate. 

With the Kardex Visible system of simplified preven- 
tive maintenance procedure, you review and control your 
chedules...at a glance! This is the way ‘it operates — 
Experience and performance are combined to set up 
range d, tested inspection s hedule. Kardex col- 
nals indicate . automatically ... those items 
due for inspection. A “Floating Inspector” card is with- 
drawn from the Kardex por ket, filled in with instruc 
tions specific to the scheduled check up, and routed to 

iy Maintenance men as a work order and report sheet. 
This card becomes a permanent maintenance orde1 
ceeds never be rewritten for future assignments. 

When the job is complete, the maintenance man 
hecks off his accomplishment and the card is returned 
to its pocket, automatically signaling job completion. 
Then, the Kardex s gnal s advanced to the next date 


pecified. Details are posted to the maintenance card 


Send for your copy today! 











Copyright 1940 by Re 


THE FIRST NAME IN BUSINESS SYSTEMS 


LLED PATTERN 


for Simplified preventive maintenance 


from the job card, providing a continuing, permanent 
record of maintenance activity. 

The quick result: needless, costly “down-time’’ is 
eliminated; operating efhiciency goes up; manufactur- 
ing costs go down—all accomplished with /ess clerical 
help and a minimum of paperwork, thanks to the “float 
ing’ maintenance order! 

You'll find 


ventive Maintenance Control, 


valuable information in Simplified Pre- 
just Pp tblished by 
Remington Rand to help solve your maintenance con 
trol problems. Too, you'll learn of the profit-building 
advantages in controlling plant inventories with 
Kardex simplified property records... records that give 
you much more than a mere physical check of machin- 
ery and equipment. 


Ask for KD-449, Simplified 


Preventive Maintenance Con- 










trol. Address : Systems— Photo 
Records, \lanagement Con- 
trols Division, 315 Fourth 
New York 10. 


Avenue, 


INDUSTRIAL QUALITY CONTROL 


uality is a Management 
Responsibility: 


E. FINLEY CARTER 


VICE PRESIDENT IN CHARGE OF ENGINEERING, SYLVANIA ELECTRIC PRODUCTS, INC. 


THE QUALITY ATTITUDE 


Quality is an ideal. It is an attitude 
that must originate at the very top of 
an organization and be a vital part of 
There 


a corporation s personaiity. 


should be no doubt about this. It 
should need no elaboration. Unfortu 
nately, however, so many pressing 


problems are facing management today 
that there is too often a temptation to 
become overly involved in putting out 
fires with the result that too little basic 
thought is given to preventing the fires 
in the first place. Then, too, there are 
some who, having established a Quality 
Department 
Inspection rather than a Quality Con 


which too often means an 
trol Department—lull themselves into a 
false sense of security by saying ‘Qual 
ify is their responsibility, without realiz 
ing the importance of management att 
tude and support 


At the risk of stating much that is or 
et us analyze the 





should be obvious, 
Quality is a Management 
Responsibility By their 
fruits you shall know them. Do men 
gather grapes of thorns or figs of 
thistles?’ might well be paraphrased to 
say, “Quality of products reflect mar 
agement. Does reliability sprout from 
irresponsibility, or uniformity from care 


lessness? 


statement 
The statement, 


To insure a product of high qua 
we must first have high quality leader 
ship on the part of management—lead 
and a sin 


cere interest in the ultimate consumer 


ership born of integrity, 
Back of this is our practical belief that 
real profits can be assured only b 
ing well the consumer's interest 

convict ons and couroae to support tr 


quality ideal are required. Patience ir 
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the face of criticism and tolerance of the 
other fellow’s point of view, coupled 
with vision and perseverance, a keen 
nterest in human relations, and the 
ability to select and inspire men who 
Ww want fo execute a sound manage 
osophy are attributes that go 


to make up this kind of leadership 


This ideal, of course, is seldom, if 


} 
er, tully achieved. Neither is perte 


tion. But where it is approached, there 
are many outward manitestations that 


how up on a check st of such a mar 


agement. Good housekeeping is evi 
Ss 
jent r t and fir Sound nog 
Ge n pia ) * ound e } 
neering orir nie« ore a led in the 
} p ples a Ipp } 
deve opn ent ana aesian of the oraani 
‘ cr < AA ‘ ‘ | 
zat n< pro t Viareriais and Tol 
erances are we ae fined Spe fications 
are thor eli and complete Oraani 
J 3 
zat n personne Ss we seliecte d prop 
erly trained, interested in and happy 
wit t v K and env nment 
Where these conditions prevail, the 
’ 
very atmospnere in a pliant inspires 
' 
good workmanshir A we aid out. 
we ahted and mma ately clean 
pliant ake that f y 
an exception rather than the rule and 
thus foc yses attentior jpor ft until it ts 
corrected. individuals who work in suct 
an environment are more port cular 


appearance ana 


their work The results ore a better 
product—a satisfied customer—a pros 
perous business. Good quality is re 
aenerative pc fr quality daeagenerative 


IMPLEMENTING THE 
QUALITY ATTITUDE 


| have discussed philosophy or att 
tude £ rst Decaouse | be eve ; s the es 
sentia naredient However do not let 
me leave the impression that there is 
f r . r 
no need tor implementatic Moderr 


oviotior rea req first tne dae sire ie fly 


iV 4 '¢ P J 
the perseverance tm «ces that it came 
anni " + the <erience oft neranniitice 


had to be learned and applied to get 
the modern airplane. The war acceler 
ated the development and application 
of a scientific approach to Quality Con 
trol. There is much to be learned that 
will extend and make more effective the 
basic principles now being applied The 
application of this knowledge will in 


tself extend its usefulness as well as its 
We are rapidly learning 


that it is necessary to build quality into 


effectiveness 


a product. It does not suffice merely to 
nspect defects out after the product 


nos peen made 


One incident that particularly stands 
out in my memory was my initial inter 
view with Mr. Walter E. Poor, then Vice 
President in Cl arge of Er gineering and 
Sylvania, 
iow Chairman of Sylvania’s Board of 


Manufacturina of Hygrade 
Directors. It was a pleasant conversa 
tion in which | got a glimpse of the 
philosophy whose application has had 
much to do with Sylvania’s success. It 
mpressed me to hear a responsible 
business man take the stand that lamp 
and tube life should be increased way 
peyona whnot wos generally accepted 
as satisfactory His conviction was 
based upon giving ‘good measure, 
heaped up and running over’ but he 
was practical enough to know that 
even tno gn or ger life may mean 
fewer total lamps and tubes sold, it did 
not necessarily mean lower sales of 


‘ niar qguaiity brands 


lt did not take me lor g to become 

j Cc 
convinced that Hygrade Sylvania was 
the ompany wit whic | wante d te 
hecome associated and through that 


association the opportunity has been 


afforde co to witness tne practica appli 


f 
arions ? the 


deals expressed in that 


conversation over fifteen years ago 


Came of the fine points of statistical 


Q ality Ce ntro Os we Know if now, 
had not been developed or applied 
ther f the y noa neer Known and op 


~o 








preciated, they would have been put 
to work, for the desire to build quality 
into the product rather than to inspect 
defects out was present. Mr. Poor's 
philosophy was not always accepted by 
everyone. There was some severe op 
position when he instituted a “no repair 
policy.” It was hard for a cost-minded 
production man to throw away an 
otherwise good tube which had been 
rejected for ‘poor solder’ when a brief 
redipping into a soldering pot would 
make it pass specifications. But Mr 
Poor could see beyond the immediate 
day's cost. He was convinced thot if 
such drastic consequences were the re 
sult of careless soldering, something 
would be done about it. Careless sold 
ering would be eliminated—and it was! 


Sylvania's management and person- 
nel have placed great emphasis upon 
the importance of good housekeeping 
A Plant Manager who does not keep 
his time clocks accurate or his wash 
rooms immaculately clean or who neg- 
lects other seemingly small details is 
not likely to have a good quality rec 
ord. These criteria have been used well 
by both Mr. Walter Poor and Mr. Frank 
Poor, the founder of the Hygrade Lamp 
Company, from which the New England 
branch of Sylvania grew 
also exemplified by the management of 
the Pennsylvania Branch of the com 


pany 


They were 


Though lacking the present-day 
knowledge of statistical Quality Con 
trol, Hygrade Sylvania and later Sy! 
vania put much weight upon the results 
of sampling tests. Inspection and testing 
of the finished product commanded a 
great deal of attention. This alone, 
however, was not considered adequate 
Though a wide range of characteristics 
were checked, data that may have been 
statistically helpful were not derived 
from production tests. Separate Qual- 
ity Departments under Engineering su 
pervision recorded data from quality 
check measurements and life tests re 
sults. These data served as guides for 
setting of specification limits and as 
criteria for justifying the release or hold 
up of the production they represented, 
but full application of statistical prin 
ciples of Quality Control was to come 
later. Thus Sylvania was ready organi 
cally and had the facilities to put to 
work more knowledge of Quality Con 
trol as it developed 


In each plant of Sylvania, there is a 
Supervisor of Quality Control directly 
responsible to the Plant Manager. He 
is functionally responsible to the Mana 
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ger of Quality Control who is on the 
Staff of the General Manager of the 
Division. The Division Manager of Quol- 
ity Control is, in turn, functionally re- 
sponsible to the Director of Quality 
Control who reports to the President 
through the Vice President in Charge 
of Engineering. Thus in Sylvania, qual- 
ity of product is not only a direct re- 
sponsibility of the Plant Managers, but 
there are functional lines directly to 
the General Manager of the Division 
and to the President himself to insure 
that quality is truly a responsibility of 
management 


During the war, the statistical method 
of Quality Control, as a pattern for 
wartime production, was being stressed 
To many people, the art of good Indus- 
trial Relations as well as the art of 
Quality Control, as we know it today, 
was new. From the wartime schools for 
training in the basic statistical methods 
have come revolutionary but mature 
Quality Control techniques for post-war 
production 


At that time, the statistical method 
was an emergency expedient to assure 
quality production by prime and sub 
contractors dependent on each other 
At the same time Industrial Relations 
techniques were stressed to integrate 
human efforts to assure adequate pro 
duction at adequate quality levels 


Improved human relations from top 
management to the worker at the bench 
were found essential parts of any qual 
ity program. Good relations, it was 
discovered, must be present at the out 
set if the basic statistical method of 
Quality Control is to be put across ef 
It must be accepted, and let 
us remember that wor«ers are often sus 
pect of a new administrative interest 
in their tasks 


fectively 


This was important then, when the 
first order of business was production 
and more production. Also important 
then was the education of management 
in the new method, an appreciation of 
the laws of probability versus the older 
inspection methods of checking product 
| say it was important then because it 
held the key to better postwar produc 
tion 


Today, with management aware of 
the importance of Quality Control, and 
administrative staffs built for far more 
effective and extended application than 
could have been imagined seven years 
ago, Quality Control is truly a manage- 
ment responsibility 


THE VALUE TO MANAGEMENT OF 
MODERN QUALITY CONTROL 


One way of serving better, today, !s 
to maintain and improve quality in a 
market where the quaiity average has 
declined. The maintenance of quality, 
now possible on an engineering basis, 
thanks to Quality Control, is not an 
expense 


Rather it is a form of profitable in- 
surance. Responsibility for showing 
management the ‘policy’ is the task 
of the Quality Control engineer. Re- 
sponsibility for the adoption of the 
policy is management s. 


Together, management and the Qual- 
iity Control engineer can do much to 
assure present profitable production 
and secure customers in a buyers mar- 
ket. Better quality stimulates worker 
pride and morale. It also helps safe- 
guard him against layoffs when prod- 
uct demand wanes—and someday we 
are going to have to sell automobiles, 
clothing, and perhaps even food, again 


The value of product quality to a 
business is greater today than at any 
time in a generation. The mass of 
people have money. The mass of people 
want the best. Having suffered, and to 
an increasing rather than a decreasing 
degree in recent years, from shoddy 
quality, people are beginning to make 
comparisons again. Those comparisons 
can be the bricks that build a firm foun- 
dation for tomorrow's business. 


Quality Control is also a manage 
ment responsibility because it provides 
a vital answer to the problem of higher 
labor costs. Shrinkage can be con- 
trolled and kept out of the finished 
product without violation of any labor 
law, to protect management and the 
customer from the taints of worker mis- 
understanding 


Management that appreciates the 
modern Quality Control method has 
learned that it is both a check and an 
economy in times of labor unrest and 
high wages. Therefore, it is a practical 
means of fighting inflation. Through the 
reduction of shrinkage, high direct la- 
bor loss is saved, expensive raw moa- 
terial is utilized to the utmost and over- 
all product quality is raised 


Properly presented to the worker, 
through apt human relations, it in- 
creases rather than lessens appreciation 
for his labors. He has a better chance 
of making his work show by the reduc- 
tion of rejects, thereby an opportunity 
to derive satisfaction from his work 
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This is important. The product made 
grudgingly by the worker who derives 
from it only the monetary reward which 
he considers inadequate is often bought 
by a customer who feels cheated be- 
cause of inferior workmanship, quality 
or performance. In contrast, a product 
made by the worker who puts himself 


and his interests into it, thereby deriv- 
ing not only monetary compensation, 
but the satisfaction of a job well done, 
usually receives the commendation of 
the customer who derives great satis- 
faction from telling others of his pur- 
chase. Real value can be measured best 
by the satisfaction gained from the serv- 


ice rendered. A corollary to this: the 
management that is able to instill such 
an attitude into the minds and hearts 
of its organization personnel is likely to 
count its profits in significant dollar fig- 
ures, whereas the one which does not, 
finds failure, or at best only mediocre 
success 


SQC in the Manufacture of Piston Rings: 


CARL E. HOOVER 


QUALITY CONTROL ENGINEER, PERFECT CIRCLE CORPORATION 


MAKING A PISTON RING 


Let's take a quick look at the proc- 
esses which bring a Piston Ring into 
being. Impressions of a ring pattern 
are made in sand, these molds are 
placed one on top of the other 15 to 20 
molds high. Hot iron is poured into the 
top of the stack and flows into the im- 
pressions in the sand, forming castings 
After cooling, the tree of castings is 
lifted out of the flasks and the sand is 
shaken off. Rings are stripped from the 
tree into a barrel and taken to tumbling 
mills to be cleaned. The castings are 
then inspected and ground, and sent 
out to the machining plants 


At the machining plants the first op- 
eration is grinding the edgewidth to 
finish dimension. The next operation 
form-turns the outside diameter and 
mills the gap in the rings. From here the 
rings go to the boring operation which 
machines the inside diameter. The 
grooving operation then channels and 
slots the face of the rings, after which 
finish-turning puts the final contour on 
the ring’s face. The final operation is 
broach or sizing the end clearance or 
gap dimension in the ring. Rings are 
then oiled and rolled and placed in the 
warehouse to be checked out against 
orders for manufacturers and replace 
ment; packaged and shipped 


SQC BEGINS AT PERFECT CIRCLE 

Five or six years ago a foreman was 
taken off the production line and turned 
over to the Chief Engineer to do re- 
search work on ring castings. Later, he 
was given to the Director of Market 
Research and taught the fundamentals 
of statistics and their application. In 
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1944, he was sent to the intensive course 
in Quality Control given at Purdue Uni 
versity under O.P.R.D. Upon returning 
he was placed on the Central Staff in 
the Industrial Engineering Department 


The first job investigated was grind 
ing. It was found that the machines 
could be ‘navigated’ with a control 
chart. In other words, the charter could 
tell the operator which way to adjust 
and how much, thereby keeping the 
product running right down the middle 
of the specification. Further checking 
showed that operators were making de 
cisions on the basis of the measure 
ment of one ring. Two times out of 
three, the wrong decision was being 
made, and about half the time adjust 
ments were being made in the wrong 
direction. All operators were riding the 
high limit 


The initial step toward correcting the 
existing condition was to insist that op 
erators shoot at the mean dimension; 
in addition, each operator was pro 
vided with a Sheffield Gauge and in 
structed to set it up with zero as the 
mean dimension. Operators could not 
find the middle of the limit. More in 
vestigation revealed the reason. Rings 
ran out of the machines on to stakes at 
a rate of 300 to 400 per minute. The 
stakes of rings were placed neatly in 
rows in pans. Between stakes the op 
erator might adjust the machine with 
the result that he had a pan of rings 
with each row at a different level. Con 
sequently, at the next pass, the opera 
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tor was, in effect, chasing the level of 
By removing the 
stakes and running the rings loose in 
the product was homo- 


the rows in the pan 


large boxes, 
genized so that the operator could set 
up his machine to remove the required 
amount of stock and let it (machine) 
worry about taking the variation out of 
This, along with basing de 
cisions on the measurement of five rings 


the rings 


instead of one, plus shooting at the 
mean dimension, resulted in the dis 
appearance of rework. The disturbing 
factor was a sudden jump in undersize 
rings. Further investigation showed that 
all of the rings that were on the low 
limit at the finish grinding operation 
were undersize at inspection. Specifi 
cations were the same at both locations 
Because of a washing operation, and 
because the rings cooled between the 
finish grinding operation and inspection, 
there was a .00005” level drop. By 
raising the finish grind mean .00005”, 
the edgewidcth characteristic came in on 
the proper beam. It was a combination 
of all these things that brought the 


grinding process under control 


Before control the grinding 


cost was $1.52 per/m 

After control the grinding 
cost is 31 per/m 
Saving 1.21 per/m 


Before control 
After control 


28 Inspectors 
2 Inspectors 


Before contro! scrap level 

was 3.82' 
After control scrap level 

was 42 ' 
Scrap at this location worth $1000 for 
each percentage point per month 


2) 








FURTHER APPLICATIONS OF SQC 

The work done in grinding brought 
simultaneous requests for investigation 
from many quarters. Necessity seemed 
to dictate the following approach. In 
each plant an Outgoing Quality Inspec 
tor began measuring and recording the 
critical characteristics on a cross section 
of rings going out of each plant daily 
The checks were made after all machin 
ing and inspection operations had been 
completed. In other words, the prod 
uct as it looks going into the field 


Each week these data go into a cen 
tral office where they are analyzed, and 
Oo picture story goes up to top manage 
ment no later than Wednesday follow 
ng the week portrayed 


This Quality Audit enables Managers, 
Production men, Inspectors, and other 
interested persons, to see not only what 
their plant is doing with regard to criti 
cal characteristics, but to see also how 
they compare with their sister plants 
and the kind of material being supplied 


to all plants from the common source, 
the foundry. This lessens the natura 


tendency to buck passing 


The realization that the weekly pic- 
tures would change only by chance, un- 
less something was done at the source, 
started people working at their own 
problems. The foundry began using 
statistical methods in the sand labora- 
tory, metallurgical laboratory, in charg- 
ing, melting, molding, grinding, and 
inspection. Verification operators began 
checking packaging. A dimensional con 
trol department was organized in Octo- 
ber 1947, which saved over $100,000 in 
four months in one plant alone 


A permanent Inventory Investigator 
checking and correcting errors, assign- 
ing error responsibility to specific indi- 
viduals, gives definite indication that 
Auditors will now take year-end inven- 
tory from the book records, thus elimi- 
nating the necessity of shutting down 
for a physical inventory. 


A Customer Quality Audit by part 
number goes into the hands of Sales 
Engineering where it is turned over to 
the engineer responsible for that par- 
ticular account 


SUMMARY 

The manufacturing problem then, is 
not one of making a piece. Rather, it 
is the problem of making hundreds, 
thousands, millions of pieces 
whose quality characteristics will dis- 
tribute themselves uniformly around the 
centers of the dimensions specified. 


even 


Modern Quality Control is a set of 
statistical tools with which one is able 
to go to a machine or process and ask 
what it is doing with respect to the 
quality characteristic it is contributing 
These techniaves will tell not only what 
the process is doing, but what it is 
capable of doing, and, if a fault exists, 
they frequently help to assign the re- 
sponsibility for that fault to the process, 
the machine, or the operator. 


A Note on Truncated Distributions 


A. C. COHEN, JR. 


ASSOCIATE PROFESSOR MATHEMATICS, UNIVERSITY OF GEORGIA 


In the paper ‘Tolerances—Additive 
or Pythagorean?” by F. S. Acton and 
E. G. Olds, Industrial Quality Control 
Nov. 1948, the authors find it necessary 
to compute the standard deviation, 6, , 


of the truncated normal distribution 
where (a )* is defined as 
oke 
J viujdu 
. ky 
1) (o,?=——— 
eke 
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= 1? 
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The denominators of the above frac 
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tions are readily evaluated from an or 
dinary table of areas of the normal dis 
tribution. In order to evaluate the nu- 
merators, Table IX of Karl Pearson's 
Tables for Statisticians and Biometri 
cians,’ Vol. |, a volume which ts not 
generally available, is employed. 


It is desired to point out that when 
the Pearson tables are not available, 
the following formulas, which require 
only an ordinary table of areas and or 
dinates of the normal distribution, may 
be used 


ee ed 


| *ke 
| J iordu 


L ky J 





J fla 
| Yk, | 


where fi(k,) is the ordinate of tHe normal 


distribution at the point of truncation, 
ky, and fk») is the ordinate at the 
second truncation point, k». Otherwise 
the notation is the same as that used 
in the original paper 

For Gc symmetric truncation at dis- 
tances of 
sult becomes 


(3) ia. sx I 


+ka from the mean this re- 





Anyone interested can easily verify the 
fact that the above formulas give the 
same numerical results as those ob- 
tained by Acton and Olds for the illus- 
trative examples in their paper. These 
results were derived by expressing the 
various integrals of Equation (1) in terms 
of the I, functions of R. A. Fisher which 
are discussed by him in ‘Properties and 
Applications of Hh Functions,” Introduc- 
tion to the British Association Mathe- 
matical Tables, Vol. 1, 1931 pp. xxvi-- 
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Nomograph for Determination of 
Variables Inspection Plans for 


Fraction Defective 
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t a same 
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A probability or risk, a, of reject 
3 a lot f a process of p 
} ty a lot of p; quality 
b y ce r r y r a! vO ‘ nt ry) 
tion defective f 
4. A probability or risk, 6, of accept 
ng a lot from a process of p» 
quality (or a lot of ps» quality).4 


practical purposes these four 
constants uniquely determine the sample 
size n and acceptance number c of a 
single sampling plan for attributes. For 
example: if p 005 and the risk of 
02, pe 05 
and the risk of accepting quality py is 
then +r e ¥ ona Cc +r at ry © st 
these conditions are re 


y 
spectively 110 and 2. A simple graph 
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fraction defective, p 


in @ sample of size n, however, we 
er 

in only estimate X’, o and the fraction 

gcetective of the material sampled by 

using the sample estimates of the lot 
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and s 2 x x n ] The accept 
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viate exceeded by the 


; r rma ce 
probability, p. p fraction de 
fective, to which P the proba 


bility of acceptance, applies. ft, is 


positive for values of p less than 
50 

n somple size 

, coefficient of the sample estimate 


of lot standard deviation, s, in the 


occé ptar e criterion 


or 
KS Leas ks 
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x sample mean, 
l specified minimum limit 


specified maximum limit 


lf we substitute, for the conditions 


cited previously for the attributes prob 


em 
iF 2.576 (from normal law tables: de 

viate corresponding to p; = .005), 
t, = —2.054 (corresponding to a=.02] 
n equation (|), we have an equation 


with two remaining unknowns, n and k 
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where the quality characteristic under 
consideration is normally distributed. 
The solution assumes, as an approxima- 
tion, that s is normally distributed with 
a mean of o’ and a standard deviation 
of 0’ /\/2(n—1) 

The assumptions used in deriving 
equation (1) and its limitation in appli- 
cation are fully discussed in Reference 3. 


The nomograph accompanying this 
paper furnishes quick and convenient 
solutions to this fairly unwieldy equa- 
tion, and can be used without further 
computation for 
(a) determining the k and n of plans 

given two points of the operating 

characteristic (e.g., P1, Pe, a and 6) 
(b) determining the k of plans given one 

point of the operating characteristic 

(e.g., Pz and fH) and the sample size 
(c) obtaining operating characteristic 

curves for known plans; i.e., n and 

k are given. 

The chart on letter size paper provides 
satisfactory results for sample sizes up 
to 100; its readability becomes poor for 
larger values of n. Like most nomo- 
graphs, readability is limited by the 
size of the chart 

The use of the nomograph for each 
of the purposes listed above may be 
illustrated by the following examples 


Example 1 
Determine an acceptance sampling plan 
using variables for the inspection of 
tensile strength of fine wire sections 
specified minimum limit, 
Lmiv.. 'S 15 pounds and p,; 005, 
Po 05, with a risk a = 2% applying 
at the p; fraction defective and a risk 
6 = 10° 


Control charts made for sample data 


where the 


for material. at the py» level 


obtained from lots previously suomitted 
for inspection showed no control for 
standard deviation (or range) 


Solution 
(a) Draw a straight line connecting the 
fraction defective, p; 005, on the 
left hand vertical scale and the as 
sociated Probability of Acceptance, 


l—a = .98, on the right hand verti- 
cal scale 

(b) Draw a straight line connecting the 
fraction defective, p» 05, on the 
left hand scale and the associated 

Probability of Acceptance, § = .10 

on the right scale 

(c) These two lines intersect on the grid 
between the two vertical scales at 

a point defined by n= 39 and 

k == 2.00 which determines an ac- 

ceptance sampling plan that is de- 

scribed briefly as follows: 

1. Take 39 specimens of wire from 
each lot anc obtain the tensile 
value of each specimen; 

2. Accept the lot if for the sample, 
) > 2.00s*. 


Example 2 

Economic considerations limit to a max- 
imum of 8 the number of units that can 
be selected as a sample from a large 
lot. With this sample it is still desired 
to protect the consumer from accepting 
lots 3% defective more than | time in 
10 on the average. What is the accept 
ance criterion? 


Solution 
Draw a _ straight line 
p 03 on the left hand scale with 
P, 10 on the right hand scale 
Where this line intersects n 8 on 
the grid, read k 3.0 
Acceptance Criterion is 


‘a connecting 


dD 


~ 


X>Lmin + 2.85s (for a specified 
minimum limit), or 
XS lina. 2.85s (for a_ specified 


maximum limit) 


Example 3 
G vena sampling plan for variables de 
10 and k 1.4, what is 


ts operating « haracteristic2 


fined by n 


Solution 
Locate the point on the grid where the 


ine for n 10 and the line for k — 1.4 
° t tr ept ce criter 
ed ‘ ‘ ef for to wm mize 
’ ef ee Reterence 3 Poge 
64 


intersect. Place a straight edge so that 
some selected value of fraction defec- 
tive and this point are on a line. Where 
this line intersects the right hand scale 
read the corresponding probability of 
acceptance. For values of p = fraction 
defective ranging from .005 to .20, the 
following listing of acceptance probo- 
bilities can be obtained directly from 
the chart 














Fraction Prob. of 
Def. p Accept. P, 
005 995 
01 98 
02 92 
04 78 
.06 63 
08 50 
10 40 
15 22 
20 1 
References 


1. Dodge, H. F., and Romig, H. G., 
Sampling Inspection Tables—Single 
and Double Sampling,” John Wiley 
and Sons, Inc., New York, 1944 


Allowable Average 
Columbia 


2. Romig, H. G., 
in Sampling Inspection 
University, 1939 


3. Statistical Research Group, Columbia 
University, “Techniques of Statistical 
Analysis’ (Chapter !)—McGraw-Hill 
Book Company, Inc., 1947 


4. Burgess, A. R., “A Graphical Method 
of Determining a Single Sampling 


Plan, Industrial Quality Control, 
May 1948 
5. Olds, E. G., “Acceptance Sampling 


by Variables’'—ASQC Conference 


Papers, 1947 


6. Clifford, Poul C., 


Acceptance Sam 


pling Inspection by Variables,” In 
dustrial Quality Control, March 1947, 
Vol. Ill, No. 5, pp. 12-15 


MILWAUKEE-THE CONVENTION CITY 


Quality control people all over the 
country are looking forward to the 
Fourth National Convention and the 
Fifth Midwest Quality Control Confer 
ence in Milwuakee on June | and 2, 
1950. Progressive industry, geography 
outstanding citizenry, and a_ public 
spirited educational system make Mil 
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waukee a natural site for a quality con 
tro!| convention 

Milwaukee is the 10th largest indus 
trial city in the nation. It is among the 
world’s leaders in the fabrication of 
steel products, in the production of die 
sel and gasoline engines, outboard mo 
wheelbor 


tors motrorc ¥C es tractors 


rows. Milwaukee is a large meat pack 
ing center, the greatest barley market, 
the location of four of the seven largest 
breweries in America. It leads in the 
women's and 


procuct on of 


men s, 
children's hosiery, work shoes, leather 
gloves and mittens, tin and enamel ware, 


j 
saw and flour mill equipment. Milwau- 
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perator Interest and Cooperation in 
Statistical Quality Control: 


A. H. BECKER 


PRODUCT CONTROL MANAGER, U. S. RUBBER COMPANY, INDIANAPOLIS PLANT 


A POOR START WITH SQC 

When first considering the problem 
of starting a statistical quality control 
program, we decided that two things 
would be important to assure initial 
success. We were very concerned about 
initial success, because very often an 
initial failure will, at least, seriously de 
ter a program of this nature. The two 
elements we considered to be of pri 
mary importance were: (1) select a spot 
where installation of charts would be 
easy, and (2) have the work of charting 
done by carefully selected and trained 
personnel. Not much thought was given 
to the actual operators whose work was 
to be checked. The persons chosen to 
make measurements and then set up the 
necessary charts were carefully coached 
in all the technical details of the prob 
lem. They were also told emphatically 
that they must report facts only, that 
opinions were valueles; 


The first installation was not a suc 
cess; outwardly it was a failure. But 
good experience was gained and cer 
tain facts were established. One fun 
damental thing we learned was the im 
portance of the operator. Anotner 
thing we learned was that it is a mis 
take to attempt to break into the middle 
of a process and start control: the place 
to start is at the beginning. The ma 
terial processed had to be uniform to 
get successful processing. During the 
progress of the work on controls we 
gained an entirely new appreciation of 
uniformity. Also, we found that equip 
ment was not always what it seemed 
Of course a lot of this information was 
of such a nature that it seriously ques 
tioned some of the pet theories and 
opinions of a lot of operators. The 
operators’ thought of in this sense 
were not only the operators on the 
machine but also supervision and man 
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agement. Probably the only thing about 
the initial program that proved to be 
correct was the contention that who 
ever did the work of measuring and 
charting must deal in facts only. This is 
certainly important and has been the 
keynote of all of our work. Facts and 
facts only. Opinions lead to arguments 
and arguments lead to bad relations 
A PROGRAM THAT SUCCEEDED 
After carefully studying what had 
been learned, we made a new start, 
this time at the beginning of the proc 
ess. In a rubber tactory, the beginning 
process is the mixing operation. Here 
the necessary chemicals are mixed with 
the rubber 
cate and difficult process, we had initi 
ally decided to by-pass it in order to 
However, the 


Since this is a rather intri 


get at something easier 
facts said that here was the place to 
start 

Considerable opposition arose im 
mediately. Supervision was thoroughly 


convinced that to attempt controls, 


would offer so much interference as tc 
make the effort useless. The machine 
operator was afraid of controls because 
some of his bad practices might be ex 
posed; in particular he was afraid that 
controls would affect his pay. During 
the first discussion of the subject, the 
division superintendent flatly refused to 
permit work of this kind to be done in 
his division. Incidentally too, the Unior 


dia not look very kind y on our cor 
' 
trol proposals 
Rather than use existina prerogatives 


and force the program in, a selling pro 
gram was instituted. Sufficient basic 
data had been gathered so that a nice 
picture of the benefits derived from the 
contro! could be shown This was care 
fully prepared as propaganda and ther 
opplied. Our se 


successful; it was not too long until the 


ng program proved 
J j 


ott tude developed thot if we cou ad not 
get actual help in the program, we 


would at least have no opposition. On 
| 


this basis, a program of contro! was 


started 


As mentioned before, the 
problem is quite complex, and to start 
a complete program was deemed to be 


Mixing 


impractical at the start, so one element 
was selected. On the mixing machines, 
a temoerature recorder is used. This 
temperature recorder is of the contin 
vous strip type The element we chose 
to measure was the total time of the 
batch. Again, selection of personne! to 
do this original job was given careful 
consideration. Individuals were chosen 
who had enthusiasm, and who were 
willing to work under adverse condi 
tions They were also schooled in get 
ting facts, and in the necessity of being 
diplomats. It was a tough assignment 
because these people really accepted 
quite a responsibility with little author 
ity. Much credit goes to them for the 
success of the progran They used note 
worthy ingenuity to promote the pro 


gran 


The procedure followed was to take 
the strip chart and analyze it each day 
3nd then to present this analysis on a 
sample chart which showed the opera 
tor the batches that were in tolerance 
An idea that helped particularly well 
was to develop a spirit of competitior 
between operators Operators were 
naturally skeptical, so particular stress 
was placed on showing them how a 
chart would help ther They were 
shown that this chart was the actua 
story of the day's perforn ance whict 
reflected the good work and the bad 
mpartially By knowing the wrong 
things that happer ed and determining 
corrections could be made 


) 


the couse 

The operotors were encouraced to 
j 

write down their troubles, and every as 


sistance was aiven them to make co! 


rections By this means confidence ir 
the syster wWOSs built ip and some op 
erators starte d snNOW ng sore P od 
charts. The first operator that ran ar 
entire day contro WOS $0 provd of 
his record. he did not wait for com 


p ments re asked for them 
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As pertinent facts were established 
and proved, they were immediately 
acted upon. As a final result the wage 
payment system was adjusted, batch 
times were corrected, equipment was 
repaired and generoliy brought up to 
top level efficiency. When the job was 
finally brought under control the results 
obtained were such that everybody im 
mediately became a promoter of con- 
trol charts. The operators were pleased 
because the facts presented had helped 
them; management was pleased be 
cause of increased efficiency of costly 
equipment. More stock was mixed per 
day than ever before and the stock was 
of a level of quality never before ob 
tained 


After the successful establishment of 
the first chart system, the need was felt 
A training 
course in statistical methods for quality 


for more trained personnel 


control was arranged and conducted by 
Mr. J. Heide. This course was first given 
to all personnel of the Quality Control 
Department. As more jobs were cov 
ered it became apparent that supervi 


sion would be benefited by a better 
grasp of the problem. A similar course 
was then offered to all supervisors and 


foremen. It was obviously not the in- 
tent to make statisticians out of every- 
body, but this kind of training is help- 
ful. To try to discover facts and use 
facts rather than opinions is the most 


satisfactory approach to any problem 


OPERATOR INTEREST 
ESSENTIAL TO SQC 
Each operation or process needs its 
own approach, but some of the general 
things that have helped might be re- 
viewed. A good way to get the confi- 
dence of the operator is to let him make 
his own chart. This of course is not pos- 
sible in all cases, but generally he can 
help supply some information. The ob- 
jection that this might lead to doctored 
charts is of little importance if the oper- 
ator is shown that this is his chart and 
that it is there to help him do a better 
job. Try to teach him that it is better 
to make a record of what he is doing 
than to try to remember 


Certainly no job can be successful 
without the personal interest of the op- 
erator. One of the best ways that we 
found to get the interest of the opera- 
tor was to attempt to make him a part 
of the program. In other words, put 
him on the team. Many of the problems 
arising from modern production methods 
no doubt come from the fact that the 
operator knows very little about what 
goes on or what is required other than 
his immediate little job. By taking him 
into the team and giving him an im- 
portant part to play, you make him a 
better Sperator and are repaid in a 
better product. To attempt to force any 
method or any program into any job 
is merely to ask for trouble. It is still 
a lot easier to lead people than it is 
to drive them. One may be reminded 
of the old fable from the school books 
about the man and the donkey. The 
donkey was obstinate and could not 
be driven, but when the man held a 
carrot before the donkey's nose, the 
donkey followed gladly. Try to look for 


the carrot—it works! 


One Important Aspect of SQC 


February, 1949 
To: Members of Staff 
Subject: Statistical Quality Control 
Attached is a_ brief 
which attempts to outline one aspect of 


memorandum 
quality control work. It is hoped that 
this will help to avoid a certain type 
of misunderstanding which seems fo 
arise at least once in any quality con 


trol program anywhere 


No specific action on this matter is 
requested of you. It would be appre 
ciated, however, if you would read over 
Please give me a 


not clear, or if you 


the attached note 
ring if the intent is 
should disagree with any phase of it 
In the future, it is possible that you may 


be in a position where you can be of 


yreat assistance to us simply by ex 
slaining our position and function to 
any of your people who appear to 
nS yerstand if 

G. M. Hailes 

G olity 3 F } ef 
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G. M. HAILES 


TAYLOR INSTRUMENT COMPANIES 


ONE IMPORTANT ASPECT OF 
QUALITY CONTROL WORK 


One of the primary duties of a Qual 
ty Control Department is to investigate 
high rejection rates to determine the 
cause of this condition. Depending up 
on the nature of the defect, such investi 
gations will themselves vary consider 
ably in nature. When a specific con 
dition of high rejections is investigated, 
the cause will generally be found to 
be one or more of the following 


} 


(1) Failure of the Manufacturing De 
follow established 
standard methods, specifications 
or techniques, or to properly su 


partment to 


pervise the work 


1 


2) Failure of the Design Engineering 
Department to specify proper di- 


mensions, tolerances, materials, 
etc 

3) Failure of one of the Service De 
partments to provide proper 


methods, tools, equipment, gages, 
time standards, etc. 

(4) A justified precision requirement 
beyond the capabilities of any 
practicable economic method to 
produce 


A successful investigation of high re- 
jection rates is almost certain to prove 
to be a headache for someone. It so 
happens that if the trouble is due to a 
dimension, tolerance, or standard, then 
the quantitative information which we 
have gathered to discover the trouble 
is such that it may almost automatically 
fix the required change within very 
close limits. If a tolerance is wrong for 
example, the control charts will prob- 
ably show to what extent the tolerance 
should be altered. If a method is 
wrong, it is necessary to know of some 
better method before it can be pointed 
out that the existing method is “wrong 

So the trail which starts with the 
question— What is the cause of these 
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rejections?’, may lead us through the 
domains of several departments, each 
naturally jealous of its sacred preroga- 
tives, and it usually ends up with the 
discovery of a skeleton in someone's 
closet. The situation is completely im- 
partial; we are not trying to usurp any- 
one's prerogatives, not trying to “hang 
anything” on anybody. We are inter- 
ested only in one thing: securing action 
to reduce the rejects. In the sense that 
we are working to improve quality, 
reduce scrap costs, increase the bonus, 
improve job security, etc, we are 
working for the common good. But since 
we may of necessity uncover some 
“fault” in anyone's work our fundamen- 
tal purpose may be forgotten. Although 
we all make mistakes, few of us are 
“big enough to always react to their 
discovery in a purely constructive man- 
ner. Some people may react in a down- 
right hostile manner. 


Such people are apt to ‘take a burn, 
chiefly because they forget our purpose, 





~~ 


PB PP Le el 


and do not understand the method 
They may temporarily forget that it is 
just our job to reduce scrap, and hence 
to seek the cause of the scrap whatever 
the cause may be. They probably do 
not understand the statistical approach 
to the problem, and generally do not 
appreciate the power of statistical 
methods to deal with complex situa- 
tions and to unearth information which 
may have been literally under their 
noses for many years. 


Following is a statement by Charles 
F. Kettering. He was speaking of re- 
search, but his remark applies so aptly 
to quality control that the words ‘‘qual- 
ity control’ have been substituted for 
the original ‘research’: 

The greatest durability contest in 

the world is getting a new idea into 

any factory. It is well if manage- 
ment understands this and will con- 
stitute itself the sales department 
for the quality control organization 
Otherwise the hard-boiled men in 


Practical Aids 


ELLIS R. OTT, Editor 








the factory will put quality control 
men out of business in a fortnight. 
When we present a new idea to 
people, their first instinctive reac- 
tion is against it. Nobody likes 
change. That is the one great 
thing you must understand in the 
psychology of quality control.” 


Not only is “quality control’ itself a 
change to many companies, but its 
successful application to any given 
problem usually requires some change 
lf it is desired to reduce scrap, or to 
improve quality, or to >htain better fits, 
then something must be changed. The 
required change may be in a tolerance 
method, or standard, or in some fore- 
man's attitude or worker's technique. 

So we must often compound the 
double sin of pointing out an error, 
and proposing a change. To use Mr. 
Kettering s words: It is well if you un- 
derstand this and will constitute your- 
self a sales department for the Quality 
Control organization 
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1.—A Check on Some Inspection Data: 


WILLIAM R. PABST 


NAVY DEPARTMENT, WASHINGTON, D. C. 


A single sampling inspection plan 
was used by the Navy Department, 
Bureau of Ordnance, as the basis for 
accepting and rejecting lots of 3’/50 
projectiles. The inspection plan re- 
quired a sample of 75 projectiles from 
each lot; the lot was accepted if not 
more than 2 defectives were observed 
and rejected if 3 or more were observed 
li.e., n = 75, ¢ = 2). A summary of the 
inspection data showed that 192 defec- 
tives had been observed during the 
examination of 10,800 sample projec- 
tiles from the last 144 lots. Thus the 
observed average percent defective 
wos: 


p = 192/10,800 — 1.78' 
* Analysis and dota supplied by Quality 
Division, Burecu of Ordnance, Navy Depor 


under dote of | November 1948 
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Send your ‘Practical Aid’ contri- 

bution to: 

Dr. Ellis R. Ott, Rutgers University 
77 Hamilton Street 


New Brunswick, N. J. 











When a summary of the observed fre 
quencies was prepared for the 144 lots 
(Column 1) it seemed peculiar to find 
such a sudden break between the large 
number of samples containing 2 defec 
tives and the absence of any samples 
containing 3 defectives, especially 
when this break was the dividing line 
between acceptance and rejection of 
the lots. The purpose of this note is to 
apply a standard procedure to deter 


mine whether or not the inspection 
data are ‘reasonable 

The probabilities for samples of 75 
to contain 0, 1, 2, , defective 
items have been determined on the 
basis of a Poisson distribution corre- 
sponding to p 1.78%, and are shown 
in Column 2.** Values contributing to 


chi-square (7*) are shown in Column 3 


There are 5 groups contributing to 
the value of 7° = X(fy—f,)?/f.. Since 
we have imposed the additional restric 


* Th terms of the Povrssor distribution are 


f mis exompie "v pr 0178 

‘ e te of Column 2 car 

. me 0 2 ; 7 from 
bie of «™ ona fr or found directly 

p Ex ‘ Binomial Limit, E. C 

A 94 v Nostrand Company, New 

rk 
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tion that m — 75(.0178) — 1.33 in set- 
ting up the data of Column 2, the de 
grees of freedom (d. f.) be 
(5—1}—1 3. A 7* table, correspond- 
ing to 3d. f., indicates that the observed 
frequencies are very improbable on the 
basis of sampling fluctuation; in fact, 
the probability is less than .001. The 
major portion of ¥* is contributed from 
(a) the unusually large number of 
samples observed to contain exactly 2 
defectives and (b) the failure to observe 
any samples containing 3 defectives 
Evidently an explanation of the ob- 
served inspection data must include a 
bias in the inspection process 


will 


The reasonableness of this conclusion 
can be checked by considering values 
of 

np +3\/np(l—s) 
at each of the two suspicious frequen 
cies which were observed. If we agree 
that 23.4% of the 144 lots can be ex 
pected to contain 2 defectives, then: 


np +3\/np(l—p) 














(1) (2) (3) 
No. of Defectives Observed Expected frequency 
in Sample Frequency, fo ; Percent No. of Lots, f, (fo—f.)? / fe 

0 36 26.4 38 0.2 

| Accept 46 35.1 50 0.3 

2 lot 56 23.4 34 142 

3 0 10.4 15 15.0 

4 2 3.5 5 

? keg of... 0.93 ) li. 0.1 

6 : 2 0.21412 2 

7 2 0.044 

Totals 144 100% 144 re=DS 

















34+ 3\/34(766) 

34+ 15+ 

49+4-, and 19 
Similarly, corresponding to an expected 
10.4% of the lots to contain 3 defec- 
tives, we would have 

np + 3\/np(|—B) 

15+3\/15(896) 

5+, 

26—and 4+. 


These three-sigma limits were exceeded 
in each of the two categories; more 
than 49 lots were observed in the one, 
and fewer than 4 in the other. 


*** In general s not advisable to use the 
when any expected class frequency is 
The difficulty was avoided here by 
See Chapter V of Industrial 
Brownlee, Chemical Pub- 
1947 


x test 
less than 5 
pooling classes 
Experimentation, K. A 


lishing Co., Inc., Brooklyn, N. Y., 


2.—Variables Control Chart in 
Production Research 


During the manufacture of phono 
graph pick-up assemblies in a plant of 
Sonotone Corporation, electrical 
characteristic of the completed assem 
blies was more variable than desired 


on 


In an effort to manufacture the units 
with greater uniformity, attention was 
directed toward a ceramic component 
of the assembly. These component 
pieces were cut in the plant from cera 
mic strips purchased from an outside 
vendor; some 25 individual pieces were 
obtained from each ceramic strip. The 
production foreman and _ engineer 
agreed that it was worthwhile to de 
termine how the variability of assem 
blies containing pieces cut from differ 
ent strips would compare with the vari 
ability corresponding to different pieces 
from a single strip 
to cut 7 


pieces from each of 11 different strips 


lt was decided arbitrarily 


The eleven sets were used to complete 


eleven assemblies by putting them 
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through the regular production process 
The following readings of the electrical 
characteristics of the final assemblies 
were then read and recorded as shown 
in Table | 


A variables control chart was then 
prepared these averages and 
ranges (See Figure 1). The points were 
not connected, however; these samples 
do not represent production with respect 
to but a record of 11 samples 
made from 11 different ceramic strips. 


from 


time, 


The range of Sample No. 9 was large 
and the average was low, essentially 
from the influence of the 10.9 reading 
However, the production engineer rec- 
ognized this low reading as resulting 
from an electrical short in the assembly, 
and advised that this one reading be 
disregarded 

Values of X and R were computed 
from the remaining ten sets of samples 
to be 


X = 15.95, 
Raz 20. 


The dotted control limits in the figure 
were determined as follows: 


KAR = 15.95 + (.419)(2.49) 
_ = 17.00 and 14.90, 

DR — (1.924)(2.49) — 4.8, 

DR = ( .076)(2.49) = .2. 


Except for Sample No. 9, the points 
lie comfortably within control limits as 
computed from the 10 samples. Thus 
the tentative hypothesis that the vari- 
ability resulting from between strips 
would be greater than the variability re- 
sulting from pieces within strips has not 
been justified. If the variability from 
within strips were significantly less than 
from between strips, then it would have 
been desirable to establish inspection 
criteria to accept only certain strips for 
production, while working with the ven- 
dor in an attempt to obtain more uni- 
form strips. 


INDUSTRIAL QUALITY CONTROL 








itn ialnatentlsa 


TABLE 1 





Set No. | No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10 No. 1] 


16.5 15.7 17.3 16.9 15.5 13.5 16.5 16.5 14.5 169 16.5 
17.2 17.6 15.8 15.8 16.6 14.5 ] 
16.6 16.3 16.8 16.9 15.9 16.0 ] 
15.0 14.6 17.2 16.8 16.5 15.9 ] 

] 
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6.9 16.8 15.6 17.1 16.3 
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14.4 14.9 16.2 16.6 16.1 13.7 
16.5 15.2 16.9 16.0 16.2 15.2 
15.5 16.1 14.9 16.6 15.7 15.9 


5 
6.1 16.1 10.9 15.0 16.8 





<|| 
oO 
© 
Pa 


16.4 16.5 16.1 15.0 15.9 16.3 14.6 15.7 15.8 





" 2.8 3.0 2.4 1.1 1] 2.5 3,2 1.9 5.9 4.) 2.8 








The 11 sets of ceramic pieces were 
made into completed assemblies by one 
group of operators in about an hour's 


production time. This was done delib 
erately since the purpose of the pro E 
duction experiment was to determine * - " _ 
possible effects resulting from different » - - ¥ _x © lie 
c ' x 
strips of ceramics. If different sets had 
been done by different shifts and on x \ 
different days, it was entirely possible ix) 
that unintent onal differences n proc 
ess ng ry) gnt cause $s gr f, ont vor at ons 
which would then be confused with the 
effects being considered in this simple 
but effective e xperiment 
‘x! 
Although this method of designing 
J « 
an expe riment ona ot ono YZ ng tne re - _ 
P ™ x 
sultina data by the contro! chart method I 7 x HY «= 2.49 
ad x 

is very efficient, it is not in genera ™ a 


usage. It has an added advantage in 
that an explanation can be made con 


vincing to a non-statistician FIGURE CONTROL CHARTS FOR DATA OF TABLE 1 
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Secretary: 
Simon Collier, Executive Secretary 


Directors: 
George D. Edwards, Past President 
Alfred L. Davis, Treasurer 
Mason E. Wescott, Chairman, Editor 

ial Board 

B. B. Day, Baltimore 
Leonard A. Seder, Boston 
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Joseph R. Nixon, Delaware 
Ralph A. Hefner, Georgia 
Dorian Shainin, Hartford 
A. C. Richmond, Illinois 
George W. McDermott, Indianapolis 
F. J. Halton, Jr., lowa 
Eugene H. MacNiece, Metropolitan 
Leo R. Harrington, Michigan 
O. Herbert Somers, Mid-Hudson 
Raymond S. Saddoris, Milwaukee 
G. G. Parkin, Minnesota 
Halmond L. Parks, Muncie 
Herman D. Edgerly, New Hampshire 
T. T. McNelley, N. E. Indiana 
J. Frederick Verigan, Ohio 
Ralph J. Knoll, Philadelphia 
Robert E. Wagonhals, Pittsburgh 
Halsey H. Kent, Rochester 
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EXECUTIVE COMMITTEE 1949-50 
New Regional Directors having been 
duly chosen to succeed all of those 
whose terms have expired, the Executive 
Committee of the Society for 1949-50 is 
now complete and is constituted as fo 


ows 


Chairman: 
Ralph E. Wareham, President 
Wade R. Weover, Vice President 


Secretary: 


Simon Collier, Executive Secretary 


George D. Edwards, Past President 

Alfred L. Davis, Treasurer 

Mason E. Wescott, Chairman, Editor 
al Board 

Dorian Shainin 
New England 


Regional! Director 


Bessie B. Day, Regional Director— 
Middle Atlantic 
©. Herbert Somers, Regional Director 


—Northern 

Ralph A. Hefner, Regional Director— 
Central 

Fred J. Halton, Jr., Regional Director 
—Midwest 

Wyatt H. Lewis, Regional Director— 
Western 


The new Executive Committee held its 
first meeting on Sunday and Monday, 
October 2 and 3, in New York City. 
Action taken at that meeting is reported 
below 


EXECUTIVE COMMITTEE MEETS 


A successful meeting of the Executive 
Committee was held in the Johns-Man- 
ville Building, New York City, on Sun- 
day and Monday, October 2 and 3. 
All but two of the twelve members of 
the Executive Committee were present 
or were represented by alternates. 


Through the courtesy of Johns-Man- 
ville Corporation, the Executive Com- 
mittee was invited to use the J-M Board 
of Directors Room for the meeting and 
to be guests of J-M for luncheon on 
Monday. This hospitality was much ap- 
preciated by all members of the Execu- 
tive Committee 


Executive Secretary Collier reported 
satisfactory progress by most Sections in 
their membership renewals. He also re- 
ported a substantial number of new 
members (257) joining the Society this 
year and bringing total membership to 
a record high 


Treasurer Davis reported that the So- 
ciety's operating account at the start 
of the Society year was 
$3,901.11. During the first three months 
of this year, receipts totaled $6,359.54 
and expenditures amounted to $4,381.39 
the balance on hand at September 30 
was $5,879.26 


current 


The Executive Committee carefully re- 
viewed the audited financial statements 
prepored by Ernst and Ernst for the 
Society year ended June 30, 1949. The 
statements of income and expense, to- 
gether with accounting accruals made 
by the auditors, indicated that the So- 
ciety operated at a deficit of approxi 
mately $450 during the 1948-49 year 
The Executive Committee carefully re 
viewed all Society operations and com 
mitments for the 1949-50 year, so as to 
avoid any deficit in the current year 


A Society budget with expected in- 
come of $20,350 and planned expendi- 


tures of $20,010 was adopted for this 
year. The Treasurer will prepare quar- 
terly statements comparing actual op- 
erations with this budget. 


The Executive Committee endorsed 
the President's request made in July 
to each Section Chairman that every 
Section of the Society achieve at least 
a 10% membership increase this year 
with a minimum of 50% of total mem- 
berships to be in the Senior Member 
Grade. Each Regional Director will be 
directly responsiible for working with 
the Sections in his Region to achieve 
these minimum goals. 


Mason E. Wescott, Chairman of the 
Editorial Board, presented plans for 
magazine changes and improvements. 
Ellis R. Ott has assumed editorship of 
the “Practical Aids’ section of the 
magazine; A. C. Cohen will head the 
“Book Review’ section. The Editorial 
Board and the Advertising Committee 
are cooperating closely in matters re- 
lating to advertising in the magazine 


Plans for the 1950 Convention in Mil- 
waukee and the 1951 Convention in 
Cleveland were reviewed. The Presi- 
dent was authorized to appoint a Gen- 
eral Convention Committee of the So- 
ciety to carry on continuing work with 
all conventions and regional confer- 
ences. 


A program was started for extend- 
ing the activities of Regional Directors 
in Society relationships with individual 
Sections. 


NOMINATING COMMITTEE 
1949-50 


The President has appointed, with 
Executive Committee approval, the fol- 
lowing Directors to serve as members 
of the Nominating Committee for 
1949-50: 


George D. Edwards, Chairman 
Ralph A. Hefner 

Wyatt H. Lewis 

Eugene H. MacNiece 

Paul A. Robert 

Ernest H. Robinson 

Dorian Shainin 


As provided in Section 52 e. of the Con- 
stitution, the Nominating Committee 
consists of the Junior Past President and 
one Director appointed from each of 
the six Regions of the Society 


The Nominating Committee has been 
requested to begin its work immediately 
and to present its report not later than 
December 31, 1949 


INDUSTRIAL QUALITY CONTROL 





NEW SECTIONS RECOGNIZED 

At its meeting in New York on Octo- 
ber 2 and 3, the Executive Committee 
had the pleasure of approving the ap- 
plications of two new quality control 
groups as Sections of the American So- 
ciety for Quality Control. 


The Columbus Section was approved 
as the 37th Section of the Society. Its 
headquarters will be in Columbus, Ohio; 
the Section will be part of the Central 
Region 

The Denver Section was approved as 
the 38th Section of the Society. Its head- 
quarters will be in Denver, Colorado; 
the Section wall be part of the Western 
Region. 

The Society extends its warm wel 
come to both of these new Sections, 
located as they are in important indus 
trial areas 


FOURTH ANNUAL CONVENTION 
ASQC 

Plans are well advanced for the 
Fourth Annual Convention of the So- 
ciety to be held at the Milwaukee Aud 
itorium in Milwaukee on Thursday and 
Friday, June 1 and 2, 1950. The eleven 
Midwest Sections of ASQC will be host 
to the Convention which is to be held 
in conjunc’.on with the Fifth Annual 
Midwest Quality Control Conference 


Mr. Raymond S. Saddoris, General 
Chairman of the Convention, has an 


nounced that the Midwest Sections are 
working to provide a program of wide 
general interest to members of the So- 
ciety. The meetings should be of out- 
standing importance in quality control 
affairs 

At the Annual Society Dinner, presen 
tation will be made of the Shewhart 
Medal and of the first Brumbaugh 
Award 

lt is important that all Sections of the 
Society note the dates of June 1 and 2 
in their Section calendars and take 
steps to avoid any conflicts in program 
during these days, so that as many 
members as possible may be together 
at the Milwaukee Convention 


1949 SHEWHART MEDAL 

Mr. P. L. Alger, Chairman of the 
Shewhart Medal Committee, has an 
nounced that nominations for the 1949 
Shewhart Medal may be made by any 
member of the Society, or groups of 
members, or Sections, until the closing 
date of January 31, 1950. Nominations 
should be sent directly to Mr. P. L. Al- 
ger at the General Electric Company, 
Schenectady, New York 

Any person who, in the opinion of 
the Shewhart Medal Committee, is 
noted for outstanding leadership in the 
field of modern quality control is eligi 
ble for the award. This accords with 
the inscription on the medal itself. Per 


sons who are not members of the So 


ciety, both at home and abroad, are 
eligible, but preference will be given 
to Society members 


The Shewhart Medal will be pre- 
sented to the 1949 Medallist at the 
Milwaukee Convention on June 1, 1950 


In addition to Mr. Alger, members 
of the Shewhart Medal Committee are 
C. A. Bicking, E. L. Fay, |. S. Hoffer, G 
R. Gause, A. |. Peterson, W. R. Purcell, 
C. E. Stines, and P. A. Robert. 


BRUMBAUGH AWARD 


The Brumbaugh Award Committee is 
now hard at work reviewing recom- 
mendations made by Society members 
for the first Brumbaugh Award. From 
these recommendations, the Committee 
will select the paper published in Indus- 
trial Quality Control which is judged to 
have made the greatest contribution to 
the development of industrial applica 
tions of quality control. Papers pub- 
lished in the magazine from July 1944 
to June 1949 are eligible for this year's 
award 


The first Brumbaugh Award of $50 
will be presented at the Milwaukee 


Convention next June 


Members of the Brumbaugh Award 
Committee are: H. H. Kent (Chairman), 
C. S. Barrett, P. D. Deans, J. J. Ferri, 
Wyatt H. Lewis, H. H. Sheaffer, C. R 
Scott, and M. E. Wescott 


Book Reviews 


ELEMENTARY STATISTICAL 
ANALYSIS 


S$ S$. Wilks, Professor of Mathe- 
matics, Princeton University. 
Princeton University Press, 
Princeton, N. J., 1948: xi+-280 
pages; $2.50. Review by W. 
Edwards Deming, Bureau of the 
Budget, Washington 25, D. C. 

At last, here is a real text book for 
the study of statistics. The science of 
statistics has made important advances 
during the past few years, but unfor- 
tunately, with but few exceptions, ele 
mentary statistical text books, although 
they have appeared in numbers, have 


NOVEMBER, 1949 


A. C. COHEN, JR., Editor 





Correspondence and suggestions 
concerning book reviews should 
be sent to 

Professor A. C. Cohen, Jr. 
Department of Mathematics 
University of Georgia 

Athens, Ga. 











not reflected the newer types of think 
ing, nor laid a foundation for the same 
This book sets new standards 


The mathematical level fits the re 
quirements of freshmen at Princeton 


The time is past when a first course in 


statistics, either for intending statisti 
cians or for intending students in quan 
titative subject-matter, is expected to be 
The style 
is clear, and anyone with high school 
algebra can study the book. The in 
spiration that a student derives from it 
may be expected to result in further 


mathematical and statistical pursuits 


completely non-mathematical 


The central theme seems to the re 
viewer to be the correct one, namely, 
that statistical data are taken as a basis 
for action. This is made clear in Chap 
ter 1, the introduction, wherein a num 
ber of examples are given in the uses 


of data. A problem is stated; informa 
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EXECUTIVE COMMITTEE 1949-50 

New Regional Directors having been 
duly chosen to succeed all of those 
whose terms have expired, the Executive 
Committee of the Society for 1949-50 is 
now complete and is constituted as fol- 
lows 


Chairman: 
Ralph E. Wareham, President 
Wade R. Weaver, Vice President 


Secretary: 
Simon Collier, Executive Secretary 


George D. Edwards, Past President 

Alfred L. Davis, Treasurer 

Mason E. Wescott, Chairman, Editor 
ial Board 

Dorian Shainin, Regional Director 
New England 
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Bessie B. Day, Regional Director— 
Middle Atlantic 
O. Herbert Somers, Regional Director 


—Northern 

Ralph A. Hefner, Regional Director— 
Central 

Fred J. Halton, Jr., Regional Director 
—Midwest 

Wyatt H. Lewis, Regional Director— 
Western 


The new Executive Committee held its 
first meeting on Sunday and Monday, 
October 2 and 3, in New York City. 
Action taken at that meeting is reported 
below 


EXECUTIVE COMMITTEE MEETS 


A successful meeting of the Executive 
Committee was held in the Johns-Man- 
ville Building, New York City, on Sun- 
day and Monday, October 2 and 3. 
All but two of the twelve members of 
the Executive Committee were present 
or were represented by alternates. 


Through the courtesy of Johns-Man- 
ville Corporation, the Executive Com- 
mittee was invited to use the J-M Board 
of Directors Room for the meeting and 
to be guests of J-M for luncheon on 
Monday. This hospitality was much ap- 
preciated by all members of the Execu- 
tive Committee 


Executive Secretary Collier reported 
satisfactory progress by most Sections in 
their membership renewals. He also re- 
ported a substantial number of new 
members (257) joining the Society this 
year and bringing total membership to 
a record high. 


Treasurer Davis reported that the So- 
ciety's operating account at the start 
of the current Society year was 
$3,901.11. During the first three months 
of this year, receipts totaled $6,359.54 
and expenditures amounicd to $4,381.39; 
the balance on hand at September 30 
was $5,879.26 


The Executive Committee carefully re- 
viewed the audited financial statements 
prepared by Ernst and Ernst for the 
Society year ended June 30, 1949. The 
statements of income and expense, to- 
gether with accounting accruals made 
by the auditors, indicated that the So- 
ciety operated at a deficit of approxi- 
mately $450 during the 1948-49 year 
The Executive Committee carefully re- 
viewed all Society operations and com- 
mitments for the 1949-50 year, so as to 
avoid any deficit in the current year. 


A Society budget with expected in- 
come of $20,350 and pianned expendi- 


tures of $20,010 was adopted for this 
year. The Treasurer will prepare quar- 
terly statements comparing actual op- 
erations with this budget. 


The Executive Committee endorsed 
the President's request made in July 
to each Section Chairman that every 
Section of the Society achieve at least 
a 10% membership increase this year 
with a minimum of 50% of total mem- 
berships to be in the Senior Member 
Grade. Each Regional Director will be 
directly responsiible for working with 
the Sections in his Region to achieve 
these minimum goals. 


Mason E. Wescott, Chairman of the 
Editorial Board, presented plans for 
magazine changes and improvements. 
Ellis R. Ott has assumed editorship of 
the “Practical Aids’ section of the 
magazine; A. C. Cohen will head the 
“Book Review" section. The Editorial 
Board and the Advertising Committee 
are cooperating closely in matters re- 
lating to advertising in the magazine. 


Plans for the 1950 Convention in Mil- 
waukee and the 195] Convention in 
Cleveland were reviewed. The Presi- 
dent was authorized to appoint a Gen- 
eral Convention Committee of the So- 
ciety to carry on continuing work with 
all conventions and regional confer- 
ences. 


A program was started for extend- 
ing the activities of Regional Directors 
in Society relationships with individual 
Sections. 


NOMINATING COMMITTEE 
1949-50 


The President has appointed, with 
Executive Committee approval, the fol- 
lowing Directors to serve as members 
of the Nominating Committee for 
1949-50: 


George D. Edwards, Chairman 
Ralph A. Hefner 

Wyatt H. Lewis 

Eugene H. MacNiece 

Paul A. Robert 

Ernest H. Robinson 

Dorian Shainin 


As provided in Section 52 e. of the Con- 
stitution, the Nominating Committee 
consists of the Junior Past President and 
one Director appointed from each of 
the six Regions of the Society. 


The Nominating Committee has been 
requested to begin its work immediately 
and to present its report not later than 
December 31, 1949. 


INDUSTRIAL QUALITY CONTROL 


NEW SECTIONS RECOGNIZED 


At its meeting in New York on Octo- 
ber 2 and 3, the Executive Committee 
had the pleasure of approving the ap- 
plications of two new quality control 
groups as Sections of the American So- 
ciety for Quality Control 


The Columbus Section was approved 
as the 37th Section of the Society. Its 
headquarters will be in Columbus, Ohio; 
the Section will be part of the Central 
Region. 

The Denver Section was approved as 
the 38th Section of the Society. Its head- 
quarters will be in Denver, Colorado; 
the Section wall be part of the Western 
Region 

The Society extends its warm wel 
come to both of these new Sections, 
located as they are in important indus 
trial areas 


FOURTH ANNUAL CONVENTION 
ASQc 

Plans are well advanced for the 
Fourth Annual Convention of the So- 
ciety to be held at the Milwaukee Aud- 
itorium in Milwaukee on Thursday and 
Friday, June 1 and 2, 1950. The eleven 
Midwest Sections of ASQC will be host 
to the Convention which is to be held 
in conjunc’.on with the Fifth Annual 
Midwest Quality Control Conference 


Mr. Raymond S. Saddoris, General! 
Chairman of the Convention, has an 


nounced that the Midwest Sections are 
working to provide a program of wide 
general interest to members of the So- 
ciety. The meetings should be of out 
standing importance in quality contro! 
affairs 

At the Annual Society Dinner, presen 


tation will be made of the Shewhart 
Medal and of the first Brumbaugh 
Award 


It is important that all Sections of the 
Society note the dates of June | and 2 
Section calendars and take 
steps to avoid any conflicts in program 
during these days, so that as many 
members as possible may be together 
at the Milwaukee Convention 


in their 


1949 SHEWHART MEDAL 
Mr. P. L. Alger, Chairman of the 
Medal Committee, has an 
nounced that nominations for the 1949 
Shewhart Medal may be made by any 
member of the Society, or groups of 
members, or Sections, until the closing 
date of January 31, 1950. Nominations 
should be sent directly to Mr. P. L. Al- 
ger at the General Electric Company, 
Schenectady, New York 

Any person who, in the opinion of 
the Shewhart Medal 
noted for outstanding leadership in the 


Shewhart 


Committee, 1S 


field of modern quality control is eligi 
ble for the award. This accords with 
the inscription on the medal itself. Per 


sons who are not members of the So 


ciety, both at home and abroad, are 
eligible, but preference will be given 
to Society members 


The Shewhart Medal will be pre- 
sented to the 1949 Medallist at the 
Milwaukee Convention on June 1, 1950 


In addition to Mr. Alger, members 
of the Shewhart Medal Committee are 
C. A. Bicking, E. L. Fay, |. S. Hoffer, G 
R. Gause, A. |. Peterson, W. R. Purcell, 
C. E. Stines, and P. A. Robert 


BRUMBAUGH AWARD 

The Brumbaugh Award Committee is 
now hard at reviewing recom- 
mendations made by Society members 
for the first Brumbaugh Award. From 
these recommendations, the Committee 
will select the paper published in Indus- 
trial Quality Control which is judged to 
have made the greatest contribution to 
the development of industrial applica 
tions of quality control. Papers pub 
lished in the magazine from July 1944 
to June 1949 are eligible for this year's 
award 


work 


The first Brumbaugh Award of $50 
will be presented at the Milwaukee 
Convention next June 


Members of the Brumbaugh Award 
Committee are: H. H. Kent (Chairman), 
C. S. Barrett, P. D. Deans, J. J. Ferri, 
Wyatt H. Lewis, H. H. Sheaffer, C. R 
Scott, and M. E. Wescott 


Book Reviews 


ELEMENTARY STATISTICAL 
ANALYSIS 


S$ S$. Wilks, Professor of Mathe- 
matics, Princeton University. 
Princeton University Press, 
Princeton, N. J., 1948: xi+-280 
pages; $2.50. Review by W. 
Edwards Deming, Bureau of the 
Budget, Washington 25, D. C. 

At last, here is a real text book for 
the study of statistics. The science of 
statistics has made important advances 
during the past few years, but unfor- 
tunately, with but few exceptions, ele 
mentary statistical text books, although 
they have appeared in numbers, have 
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Correspondence and suggestions 
concerning book reviews should 
be sent to 

Professor A. C. Cohen, Jr. 
Department of Mathematics 
University of Georgia 

Athens, Ga. 











not reflected the newer types of think 
ing, nor laid a foundation for the same 
This book sets new standards 


level fits the re 
Princeton 


The mathematical 
quirements of freshmen at 


The time is past when a first course in 


statisti 
cians or for intending students in quan 


statistics, either for intending 
titative subject-matter, is expected to be 
completely non-mathematical. The style 
is clear, and anyone with high school 
algebra can study the book. The in 
spiration that a student derives from it 
may be expected to result in further 


mathematical and statistical pursuits 


The central theme seems to the re 
viewer to be the correct one, namely, 
that statistical data are taken as a basis 
This is made clea: in Chap 
the introduction, wherein a num 


for action 
ter I, 
ber of examples are given in the uses 


of data. A problem is stated; informa 


(.) 
WwW 








tion is needed; how shall the informa 
tion be obtained? An inquiry shows cer- 
tain results: what action may rationally 
be taken on the basis of these results? 


lt is made clear to the reader that 
all figures obtained in surveys and ex- 
periments are subject to errors of var- 
ious kinds, but that the reproduceability 
of the figures may usually be controlled 
through the design of the sample, the 
questionnaire, the interviewing, efc 
From the start, data are samples. That 
is, any set of data is but one of many 
sets of figures that would be obtained 
if the survey were repeated under the 
same or varied conditions. A complete 


census is No exception 


Too often in elementary textbooks the 
student is taught nothing about the fol 
libility of data. Too often the numeri 
cal problems in statistics are but exer 
cises in arithmetic, not in statistical 
thinking. Given a set of data, find the 
mean, standard deviation, quartiles, etc 
Here, all such arithmetical manipula 
tions have a purpose in view, namely, 
action: what do the data indicate? 


An example will illustrate. One well 
known textbook devotes a number of 
pages to three different arbitrary de 
vices for calculating the median of a 
distribution, but with no inkling of arbi 
trariness to the student, who ‘ts appar 
entiy expected to memorize all three 
ways, and is apparently expected to 
believe that all three results are med 
ians. What one does with a median is 
not mentioned. nor the fact that another 
set of data would show three new med 
ians. In Wilks book (p. 17) a median is 
simply the abscissa that corresponds to 
the ordinate half way up on a cumula 
tive frequen y graph 

The book leads into the main elemen 
tary problems of the design of samples 
and experiments, and to problems in 
the interpretation of the results. A foun- 
statistical 
study. Estimation and tests of signifi 


dation is laid for deeper 


cance are treated in Chapters 10 and 
11; testing randomness is treated in 
Chapter 12. Chapter 13, the last chap 
ter, deals with the analysis of pairs of 
measurements, and contains theory and 
exercises on various problems of re 
Chapter 4 


gression ona curve fitting 


on elementary probability is excellent 


The theory in the book is abundantly 
illustrated by many examples, drawn 
from the author's unsurpassed breadth 
of experience in a wide range of prob 
lems—public opinion, industrial devel 
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opment and numerous examples in the 
control of quality 


The book leads into most of the ordi- 
nary modern techniques of design and 
analysis. The only possible criticism ts 
the omission of chi-square, an omission 
which was voiced to the reviewer by a 
friend who is already using the book as 
a text in his college courses. This omis- 
sion in the reviewers opinion is unim 
portant, and is doubtless intentional on 
the part of the author 


lt is litho-printed from typewritten 
sheets, very carefully laid out and easily 
read. This book is destined to become 
widely used and appreciated, both for 
teaching and for private study 


NOMOGRAPHY 


Alexander S$. Levens, Professor 
of Engineering Design, University 
of California, Berkeley. John 
Wiley & Sons, Inc., New York, 
1948; 176 pp., 88 illus.; $3.00. 
Review by David Moskovitz, Pro- 
fessor of Mathematics, Carnegie 
Institute of Technology, Pitts- 
burgh, Pennsylvania. 


This book is intended as a text in 
the use and construction of alignment 
charts, and has many examples of such 
charts selected from all branches of en- 
gineering. The text proper begins with 
Chapter 2 in which are discussed func 
tional scales, adjacent and non-adja- 
cent scales for the solution of the equa- 
tion f,(u) — felv). Each of the next eight 
chapters is devoted to the design of one 
of each of eight particular types of 
equations involving three or more vari- 
ables. Chapter 11] treats seven addi 
tional special forms, and discusses the 
design of net charts. The practical short 

yts in the design of alignment charts 
of Chapter 12 are of such a nature that 
they could be independently discovered 
by any good student who had con 
structed a few charts. The treatment of 
the design of alignment charts by the 
yse of determinants in Chapter 13 is in 
adequate, and anyone wishing to be 
method had better con- 


; ‘ 
ult some one of the references cited in 


versed in this 
this book. In addition to the many ex 
amples in the text proper, there is an 
appendix with many more examples of 
charts for formulas from the fields of 
engineering, production, and statistics 
The book abounds with exercises, in 
fact many more thon are necessary 
The book is clearly written, and re 
quires but little mathematical back 
ground for its understanding 


CONSULTING SERVICES 


Responsibility of the American Society for 
Quality Control, Inc., for Consulting Services 
advertising is limited to certification that ed- 
vertisers hold the grade of membership in the 
Society stated in their advertisements. Qual- 
ification requirements for the several grades 
of membership are set forth in the Constitu- 
tion of the Society. 
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POSITION WANTED 


GRADUATE of University of North Car- 
olina with over 2'/, years engineering 
experience in Quality Control, Process 
Control and Inspection Methods tech- 
niques desires position allowing greater 
scope for statistical abilities and inter- 
ests. Member ASQC. Please write: R. W. 
Anderson, 1506 Catalina Ave., Allen- 
town, Pa 





BASIC QUALITY CONTROL 
COURSE 

A ten-day intensive training course in 
Statistical Methods of Quality Control 
will bé offered jointly by The University 
of Georgia and The Georgia Institute 
of Technology, at Athens, Georgia, 
March 6-16, 1950 

Instruction will emphasize basic con- 
trol charts and sampling methods, but 
will also cover some of the advanced 
techniques including design of experi- 
ments, correlation, and analysis of vari- 
ance. Persons enrolling for this course 
should have a good working knowledge 
of algebra. Advanced work in mathe- 
matics and previous training in statistics 
are helpful but not necessary 

The tuition of $100.00 per person in- 
cludes books and supplies. Further in- 
quiries and applications for enrollment 
should be addressed to Professor A. C. 
Cohen, Jr., Mathematics Department, 
University of Georgia 


INDUSTRIAL QUALITY CONTROL 
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Important McGRAW-HILL Booka 


MANAGEMENT PLANNING AND CONTROL. 
A Managerial Approach to Industrial Accounting 

By Bitty E. GOETZ, Antioch College. Business and Economic Publications. 

294 pages, $3.75 
Develops accounting for use by management and treats every principle and pro- 
cedure in terms of management problems rather than from the point of view of 
the accountant. The book will give the student considerable information about 
management, industrial engineering, accounting, and cost accounting. 


THE ENGINEERING OF ORGANIZATION AND MANAGEMENT 


By ROBERT TEVIOT LIVINGSTON, Columbia University. McGraw-Hill Engineer- 

ing Management Series. 248 pages, $3.00 
A theoretical treatment designed for a senior-graduate course in organization and 
management. Functions of subjects are described in detail and points of maximum 
applications of these subjects are presented. The book points out the importance 
of understanding men and sets forth the theory that action can be resolved into 


five sequential steps of decision, planning, preparation, doing and reviewing. 


COST ACCOUNTING 


By JAMES H. MARCH, University of Wisconsin, Milwaukee Extension Division. 
McGraw-Hill Accounting Series. 558 pages, $5.00 
A realistic description of factory cost accounting as an integral part of industrial 
management, and in a form suitable for introductory study. The major emphasis 
is on cost control and although the treatment is practical, the author has endeav- 
ored to lay a sound theoretical foundation that will enable the beginning student 


to understand the practical applications. 


INDUSTRIAL ORGANIZATION AND MANAGEMENT 


By LAWRENCE L. BETHEL, New Haven YMCA Junior College; FRANKLIN §S. 
ATWATER, The Fafnir Bearing Company; GeorGe H. E. SMITH; and HARVEY 
A. STACKMAN, Scovill Mfg. Co. McGraw-Hill Industrial Organization and Man- 
agement Series. 798 pages, $5.00 
A complete introduction to the principles of industrial management. Discusses 
the various functions of management, industrial relations, methods analysis, pro- 
duction planning, etc., giving for each brief fundamentals and operating prin- 
ciples, cases demonstrating the application of principles, a consideration of 


present-day issues and new trends, case problems, etc. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
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Are YOU the one 
who doesn’t know 


FEDERAL makes 


Indicating Gage ? 
DIAL INDICATORS — Fast, positive visibilicy DIAL INDICATOR GAGES — Model 1340 Snap 
Every size, graduation, range and type — accu- Gage — one of 65 catalog gages. Greatest vari- 


rate, dependable, adaptable. ety by any gage manufacturer. Wide, continuous experience 

f saa } = ” ae 7 gave us the know-how to design 

| —_— | gages that produce better qual- 
ity at lower cost. 





OU may know that Federal 

makes more Dial Indicators 
and Dial Gages than any other 
manufacturer. But, note this too— 
the entire Federal Plant is devoted 
exclusively to the design and pro- 
duction of every type of Indicating 
Precision Instrument by the latest 
scientific methods. 

We engineer and make Auto- 

aie matic Sorting Gages, Signal and 
SPECIAL GAGES — One of over 10,000 spe. ELECTRONIC-AUTOMATIC SORTING — The Automatic Control Gages, Con- 
cially designed gages. We build single and ultimate in 100°) gaging — fast, stable, accu- : , , 
muluple purpose gages to meet your require- rate. Engineered to your product tinuous Measuring Gages in great 
pies _— _ : variety to control dimensional ac- 
curacy as wanted. 

We have made gaging devices 
for controlling the dimensions of 
every sort of article from wire 
staples to railroad splice bars, from 
sausage skins to jet engines; gages 
that do jobs people said couldn't 
be done. 

Take advantage of the practical 
savings secured from these gages. 
The proper gage, properly applied, 
costs nothing. It collects money on 
saved scrap and eliminated opera- 
tions. 

For data on any of these gages 

CONTINUOUS MEASURING—Four basic types AIR GAGES — Ulera accurate, positively fool write to Gaging Headquarters — 
ee ~ nd special deuigna ae ee Federal Products Corporation 
1114K Eddy St., Providence 1, R. I. 





FEDERAL 


PRECISION MEASURING INSTRUMENTS 


DIAL INDICATORS © INDICATING GAGES © SPECIAL GAGES ®* 
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ELECTRONIC AND AUTOMATIC SORTING GAGES *© AIR GAGES 








